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Abstract
The Mississippi River is an essential asset to agricultural trade given that its existence
contributes to a cost-efficient transportation system. Barge travel allows large amounts of
soybeans and other bulk commodities to be transported at low costs. Currently, barge costs are
the lowest relative to those of other modes. Although there has been increasing competition for
soybean shares from other countries in the global market, low transportation costs of soybeans,
grain, and other oilseed crops allow the United States to retain its competitive advantage in the
world soybean market. The Mississippi River’s urgency to change course and possibly eliminate
barge travel to the New Orleans Gulf Port Region puts this advantage into jeopardy. By using
transportation costs of specific modes and routes to port of import destinations, the economic
impact of a Mississippi River avulsion, the natural displacement of an established river channel,
on soybean exports to foreign countries was estimated. Results of a network optimization model
indicate that a change in the river’s course would lead to a 23.86 to 25.27 percent increase in
total transportation costs of shipping soybeans to China and Japan. This cost increase has several
implications which include the future competitiveness of United States agricultural trade
following an avulsion and recommendations for additional investments in Mississippi River
channel preservation to reduce the risk of a potential avulsion.
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Chapter 1. Introduction
The Mississippi River, which originates in northern Minnesota and discharges into the
Gulf of Mexico, supports a productive economy in the United States. Several economic sectors
that benefit from the Mississippi River range from agriculture and energy production to tourism
and water supply. According to the Lower Mississippi River Conservation Committee, these
economic industries generate over $150 billion in annual revenue and employ nearly 590,000
people when combined. Similarly, the Upper Mississippi River Basin Association reported the
river generates over $345 billion annually and supports over 1 million jobs (Upper Mississippi
River Basin Association, 2016; Lower Mississippi River Conservation Committee, 2014).
One of the most important industries associated with the Mississippi River is commercial
navigation. The creation of steamboats transformed river commerce and today many shippers are
reliant on this convenient and efficient mode of transportation to import and export products. In
2011, over 470 million tons of commodities were shipped on the Mississippi River, which
generated over $4.873 billion in revenue1. Commercial navigation also supports the agricultural
industry located in the Lower Mississippi River Basin. According to the National Park Service,
this industry is responsible for producing 78 percent of the world’s exports in feed grains and
soybeans and 92 percent of the United States agricultural exports. Additionally, ports located in
the New Orleans Port Region2 support all modes of transportation (i.e., barge, ocean, rail, truck)
and export sixty percent of all grain exported from the United States (National Park Service,
2017).

1

Revenues are extracted and combined from the Upper and Lower Mississippi River Economic Profiles for 2016
and 2014.
2
The New Orleans Port Region includes ports located along the Mississippi River between Baton Rouge and Myrtle
Grove, La (U.S. Department of Agriculture, Agricultural Marketing Service, 2017).
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An efficient transportation infrastructure is what connects United States soybean
producers to global markets (United States Soybean Export Council, 2015). Several agricultural
commodities are transported along the river and soybeans are shipped more frequently due to its
importance as an oilseed crop in the United States (Larson, Smith, & Baldwin, 1990). Before
reaching markets, soybeans must pass through a complex supply chain involving several options
including county elevators, crushing facilities, and rail and barge terminals (Informa Economics,
2016). Figure 1.1 provides a detailed orientation of the soybean flows once they leave the
producer. Typically, when harvested, soybeans not placed in on-farm storage are transported
domestically by truck to port of export facilities or shipped to nearby intermodal facilities
(Informa Economics, 2016). Intermodal facilities include barge terminals and shuttle elevators.
Soybeans destined for export are loaded onto barges and railcars and shipped to port of export
facilities.
In the 2017 market year, the U.S. produced over 120,000 metric tons of soybeans3 4.
Furthermore, over 80 percent of soybeans were grown in the Upper Midwest and the increased
usage of soybeans, linked to the domestic and foreign livestock industry, has placed large
demands on the transportation system. Between 2007 and 2017, on average, nearly 50 percent of
soybeans produced in the U.S. were exported in bulk or containerized shipping through
Mississippi Gulf and Pacific Northwest ports.

3

USDA Foreign Agricultural Service Production, Supply, and Distribution (PSD) online database.
https://apps.fas.usda.gov/psdonline/app/index.html#/app/advQuery .Web page accessed January 2019.
4

Using the grain unit conversion factor provided by the U.S. Grains Council soybeans were converted into bushels.
Approximately 4.5 billion bushels were produced in the 2017 market year. https://grains.org/markets-toolsdata/tools/converting-grain-units .Web page accessed December 2018.
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Figure 1.1. Soybean flows from farm to market
Source: Informa Economics

Currently, Brazil leads in soybean production and export market share followed by the
U.S. and Argentina. In 2017, Brazil produced and exported 122,000 and 76,175 metric tons of
soybeans, respectively; likewise, the U.S. produced and exported 120,065 and 57,945 metric
tons. Although there has been increasing competition for soybean shares from other countries in
the global market, low transportation costs of soybeans, grain, and other oilseed crops allows the
U.S. to retain its competitive advantage in the soybean market. This is strictly due to efficient
transportation infrastructure consisting of an effective railroad, highway, and barge system,
which includes the accessibility of the Mississippi River.

3

While the Mississippi River plays an important role in soybean transportation, it also has
one of the largest drainage basins in the world. Roughly, 41 percent of the contiguous states in
the U.S. are drained by the river5. The Old River Control Structure (ORCS) controls the
distribution of water between the Mississippi and Atchafalaya Rivers and is where 1.2 millionsquare-miles of drainage is narrowed into a basin approximately forty miles wide and a river that
is less than a mile wide (Barnett, 2017). The purpose of the structure is to maintain roughly
seventy percent of the flow down the Mississippi River and thirty percent down the Atchafalaya
River (Kazmann, Johnson, & Harris, 1980). Past floods in 1927 and 1973 contributed greatly to
the construction of the existing ORCS and its associated structures. However, the usage and ease
of access to the river could become compromised due to the potential failure of the ORCS. The
failure of the ORCS is rarely discussed in literature, so it is imperative to understand the costs
associated with this possibility.
With a flood control system in place, nearly a decade after the structure was complete,
the structure was tested when it nearly collapsed due to heavy rainfall in late 1972 and early
1973 (US Army Corps of Engineers, 2009). If the ORCS failed, the flow of water normally
discharged down the Mississippi would be diverted to the Atchafalaya. This would cause the
Atchafalaya to capture most of the flow of the Mississippi leading to turmoil not only for the
transportation sector but for other sectors as well. An excerpt from John McPhee’s 1989 book

5

U.S. Army Corp of Engineers New Orleans District- The Mississippi Drainage Basin.
https://www.mvn.usace.army.mil/Missions/Mississippi-River-Flood-Control/Mississippi-RiverTributaries/Mississippi-Drainage-Basin/.Web page accessed June 2019.

4

The Control of Nature gives a portion of a conversation he had with a geologist regarding the
river. It states:
“The water attacking Old River Control is of course continuous, working, in
different ways, from both sides… If the right circumstances are all put together
(huge rainfall, a large snowmelt), there’s a very definite possibility that the river
would divert –go down through the Atchafalaya Basin.”

1.1.

Specific Problem
The Old River Control Structure (ORCS) holds immense importance not only to river

commerce but also to communities and refineries located along the Mississippi River (MR). The
possibility of an avulsion, the natural displacement of an established river channel (Latrubesse,
2015; Smith & Rogers, 1999), is gradually increasing given several factors related to the
deposition of alluvial sediments and severe weather. Xu and Wang (2017) document a
substantial amount of channel in-filling due to sedimentation above and below the ORCS.
Precipitation and temperature changes, as well as weather anomalies, could hinder transportation
infrastructure (Miller & Lorenz, 2015). Persistent rain in the south and heavier snowfall up north
result in higher river stages for extended periods which constantly tests the vulnerability of the
flood control structure. The Mississippi River surpassed flood stage levels in 2011 which
resulted in the opening of the Morganza Spillway to relieve the pressure of rising floodwaters.
The Bonnet Carre Spillway has also been partially opened in recent years to mitigate potential
flooding of the MR.
Currently, water discharge of the Atchafalaya (AR) and MR is maintained by the ORCS
at approximately 30 and 70 percent, respectively. Should a severe weather event occur that
would cause the structure to fail, the distribution of water for each river would interchange
causing the abandonment of the existing MR channel and the creation of a new course to the
5

Gulf of Mexico via the AR. As stated by Kazmann, Johnson, and Harris (1980), a compromised
ORCS would result in substantial impacts for areas mainly in the Atchafalaya Basin, most of
which are unfavorable to involved parties. Those impacts include but are not limited to highway
and interstate flooding, residential displacement, and area drinking water contamination.
Industries that directly benefit from the MR (i.e., the agricultural shipment of products) are also
threatened by the possibility of an avulsion.
The shipment of soybeans, an oilseed crop demanded heavily in the global market, by
barge to Mississippi Gulf ports relies on the accessibility of the downward-sloping MR to
maintain a cost-efficient transportation system. The Port of South Louisiana, a port region
located between Convent and Westwago, La, typically services over 55,000 barge shipments and
4,000 ocean-going vessels annually and nearly 60 percent of U.S. soybean exports are shipped
through the New Orleans port region (U.S. Department of Agriculture, Agricultural Marketing
Service, 2017). If an avulsion would occur, the shipment of several agricultural commodities
including soybeans would be disrupted due to an impassible MR beyond Old River due to draft
limitations. Cargo vessels used for oversea bulk soybean shipments would not be able to reach
ports as far north as Baton Rouge. Additionally, the possible elimination of river commerce
beyond the ORCS would force producers to consider shipping soybeans using costly alternative
modes of transportation. Assuming the utilization of the MR for soybean exports is the most
cost-efficient, the use of other modes of transportation to meet global demands would increase
total transportation costs. Also, the increased use of diesel-powered engines to ship soybeans to
their final inland destinations would contribute to pollutant emissions and highway congestion.
To determine the impact of a MR avulsion on U.S. competitive advantage in soybean
trade, it is important to examine how an avulsion would affect the U.S. ability to continue to
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export soybeans to meet the demand of consumers given the immediate elimination of river
commerce beyond ORCS. The problem is, if this possibility became a reality, the costs of
alternative modes of transportation and route combinations to port of exports are currently
unknown. In addition, the increases in costs associated with the use of alternative modes of
transportation to ship soybeans are also unknown. The three competing port regions in the U.S.
that service soybean shipments ‒the Pacific Northwest (PNW), Atlantic, and Great Lakes‒ all
have limited capacities and specialize mainly in containerized rather than bulk shipping. Given
that the New Orleans Port Region, known for bulk shipping, exports approximately 60 percent of
soybeans abroad and the ability to transport soybeans to this region is in question after a possible
avulsion, it is also important to consider the shipping capacities of other port of exports and their
ability to process larger export quantities. The importance and the lack of research in this area
encourages a closer look at the potential economic implications of an avulsion on the U.S.
soybean trade industry.

1.2.

Objectives
An avulsion of the Mississippi River due to the failure of the ORCS can have several

economic and physical consequences. However, this research does not discuss the probability of
its failure, nor does it suggest an exact timeframe that failure will occur. Based on the efforts of
previous researchers, a generalized economic assumption can be made on how U.S. soybean
trade will be affected. Although this study seeks to examine the impact of an avulsion on
soybean transport, the results have implications for the transportation and export of a variety of
commodities, both agriculture and non-agriculture related.
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Given the above problem statement, the overall objective of this research is to determine the
economic impact of an avulsion of the Mississippi River on U.S. soybean trade and the U.S.
ability to transport soybeans using alternative transportation modes and routes. The specific
objectives are:


To identify feasible alternative soybean export routes based on the total transportation
cost from supply points in the U.S. to a foreign destination;



To compare the least-cost alternatives of shipping soybeans to port of export destinations
and final demand destinations before and after an avulsion;



To provide implications for future policy and industry decisions.

1.3. Mississippi and Old River Background
The Mississippi River has changed course several times over past millennia. Its former
path to the Gulf of Mexico is known today as Bayou Teche and mimics the shape of the
Mississippi (McPhee, 1989). Its most modern path flows to the south of Baton Rouge and
through New Orleans. Figure 1.2 shows the ancient and modern courses of the Mississippi River.
Before the 15th century, the Mississippi River was parallel to the Red River whose
passage came from the northwest region of Louisiana. Just as other sediment-bearing (alluvial)
rivers wind and meander through their valleys, so did the Mississippi (US Army Corps of
Engineers, 2009). During the 15th century, the Mississippi River turned westward and formed the
loop known as Turnbull’s Bend (Barnett, 2017). This loop intercepted the Red River, causing the
Mississippi River to capture it. A small distributary of the Red River, known today as the
Atchafalaya River, was also intercepted. Over time, the mouth of the Atchafalaya River became
obstructed by a thirty-mile-long log jam. By 1831, Captain Henry M. Shreve, founder of
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Shreveport and notable steamboat engineer, dug a canal through the neck of Turnbull’s Bend,
thus shortening the route of the Mississippi (America's Wetland Foundation, 2012). The river’s
acceptance of the shortcut caused the abandonment of its former passage, which eventually filled
with sediment. The lower portion remained open and became Old River.
Once Old River was formed, the Atchafalaya River became a distributary of the Red
River and the Mississippi River no longer received water from the Red. However, Old River
linked the two. This occurred because currents would normally flow westward from the
Mississippi through Old River to the Atchafalaya under normal conditions, however, when water
would rise, the current from the Red River would reverse, thus linking the two river systems.
In 1839, residents began to remove the logjam but only a portion was cleared. In 1840
and periodically after, the state removed the remainder of the debris causing the logjam, which
allowed the Atchafalaya River to flow freely. The clearing of the logjam caused the Atchafalaya
to become deeper and wider as time passed and soon it began to capture more of the Mississippi
River (US Army Corps of Engineers, 2009). A major reason why the discharge through the
Atchafalaya steadily increased is that the route the water took after the clearing of the logjam
created a shorter and steeper distance to the Gulf of Mexico than when it traveled on the normal
route of the Mississippi (McPhee, 1989). The floods of 1849, 1927, and 1950 are what triggered
Congress to begin studies that investigated ways in which flood control could be improved along
the Lower Mississippi River (America's Wetland Foundation, 2012). During the search for a
solution to flood control, hundreds of plans were submitted to the Committee on Flood Control
and the plan selected was the “Jadwin Plan” named after Major General Edgar Jadwin. This plan
initiated flood control along the Mississippi. Some ideas that were presented still exist today
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which include lateral floodways, raising and strengthening levees, revetment of caving banks,
and provision of training works and dredging to aid in navigation along the river (Higby, 1983).

Figure 1.2. Ancient and modern courses of the Mississippi River
Source: U.S. Army Corps of Engineers –New Orleans District

In addition to the Jadwin Plan, a report completed by the Mississippi River Commission 6
(MRC) in 1953 suggested that the flow of the Mississippi should be controlled at Old River. To
keep the Atchafalaya River from capturing the Mississippi, the U.S. Army Corps of Engineers
was ordered by Congress in 1954 to build a control structure at Old River, which would limit the
total discharge flowing through the Atchafalaya to thirty percent. This percentage came from
studies that monitored latitude flow –all the water passing the latitude of 30 ° 56’ 20.4” –

The Mississippi River Commission dates backs to 1987 and is charged with “… recommendation of policy and
work flood control, navigation, and environmental projects on the Mississippi River, programs, the study of and
reporting on the necessity for modifications to and conducting semiannual inspection trips and public hearings at
various locations along the river.” https://www.mvd.usace.army.mil/About/Mississippi-River-CommissionMRC/About-the-MRC/
6
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entering the Atchafalaya River over the past century (America's Wetland Foundation, 2012),
(McPhee, 1989). The Old River Control Structure Project was designed to dam Old River and
build two control structures. One of the control structures was to operate daily while the other
would operate only during floods. These structures were completed nearly five years after the
initiation of the project. The Low Sill and Overbank Structures were constructed by the New
Orleans District and were not operable until after the Corps successfully connected channels to
the Red and Mississippi Rivers in 1962. The Old River Lock, located approximately eleven miles
downstream of the Old River Auxiliary Structure, was completed in 1963 and allows commercial
and recreational traffic to flow between the Atchafalaya and Mississippi Rivers (US Army Corps
of Engineers, 2009). Table 1.1. describes the physical data of each structure.

Table 1.1. Physical Data of Low Sill, Overbank, and Auxiliary Structure
Low Sill Structure
11 gates, each 44 feet
wide

Overbank Structure
73 bays, each 44 feet wide

Auxiliary Structure
6 gates, each 62 feet
wide

Weir crest elevation
varies from -5.0 below
sea level to 10.0 feet
above sea level

Weir crest elevation is 52.0 feet
above sea level

Weir crest elevation is
5.0 feet above sea level

Total length is 566 feet

Total length is 3,356 feet

Total length is 442 feet

Maximum water in
forebay is 69.8 feet
Maximum discharge capacity of all structures is approximately 700,000 cubic feet per
second (300 million gallons per minute).

Source: U.S. Army Corps of Engineers –New Orleans District

Nearly a decade after the entire structure was completed, the Great Flood of 1973
occurred after consistent, heavy rainfall during the fall of 1972 and spring of 1973 in the Central
Plains and Mississippi and Ohio valleys. Flood stages of several Mississippi River tributaries
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rose and the Mississippi crested many times that spring. The lock and dam that was constructed
were in danger of collapsing (Jones, 2017). The abundance of water that flowed from up North
passed through Old River. The Low Sill structure operated as intended but unfortunately, the
instability of the water from the flood scoured the foundation and damaged a 67-foot-high
concrete wing wall that guided the flow into the structure. More than half of the 90-foot-long
steel pilings that supported the Low Sill Structure were exposed due to large scour holes that
developed underneath and in front of the structure (US Army Corps of Engineers, 2009). The
structure was saved due to emergency repairs made during the flood. Improvements were made
after the flood to the structure that reduced the vulnerability of scour. Rehabilitation measures for
the Low Sill and Overbank structures were taken which improved its residual capability to
perform under normal conditions. Despite modifications and improvements to the structure,
damages sustained from the Great Flood of 1973 permanently weakened its foundation.
Once it was realized that the repairs and adjustments to the Low Sill structure were
inadequate, the recommendation to build additional structures was made by the New Orleans
District. The first structure built was the Auxiliary Control Structure. Construction began in 1981
and ended five years later in 1986. When operating collectively, the Low Sill and Auxiliary
Structures provide protection during emergencies. Construction of the second structure, the
Sidney A. Murray, Jr. Hydroelectric Plant began in 1985 and is located just north of the Low Sill
Structure (America's Wetland Foundation, 2012). The plant allows water to flow freely from the
Mississippi River and allows water to flow out to the Outflow Channel. It is the largest
prefabricated power plant in the world. The plant was developed thanks to Mayor Sidney A.
Murray, Jr. who envisioned a way to utilize the power of the Mississippi River while stabilizing
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energy rates for the citizens of the Town of Vidalia (Sidney A. Murray, Jr., Hydroelectric
Station, 2014)7.

To gain perspective on what the Mississippi River system is designed to maintain, see the reference to “ project
flood.https://www.mvd.usace.army.mil/Portals/52/docs/Controlling%20the%20Project%20Flood%20info%20paper.
pdf
7

13

Chapter 2. Literature Review
The transport of U.S. soybeans to other countries is reliant on intermodal transportation. The
Mississippi River, a major component in commodity export infrastructure, contributes to
efficient transportation costs of soybean exports. Elimination of barge transport below Old River
is possible with an avulsion hence the importance of identifying least-cost alternatives for
exporting soybeans and other commodities to meet international demand. To provide background
related to this study and identify relevant resources, a review of existing literature was
performed.
Commodity disruptions as a result of compromised transportation infrastructure could
also occur as a result of a flood or any type of natural disaster, therefore, it is important to
understand the economic impact of these disruptions. Pant et al. (2011) modeled atypical activity
at port of exports such as a closure through simulations capable of quantifying the number of
commodities at every operating point. A Multi-Regional Inoperability Input-Output Model
(MRIIM) and their multi-regional extensions were used along with a simulation model for port
exports and imports that provided estimates of the incoming and outgoing commodities through
the ports. The researchers found that a terminal closure in May for two weeks located along the
Arkansas River navigation system incurred a mean loss of $37.9 million for the eight industries
across the primary states that frequently use that port. When interdependencies are accounted for,
the mean loss for the primary states is $109.9 million. When trade occurs during busier months, a
two-week port closure can result in a $190 million loss across the primary states.
A similar study conducted by Pant, Barker, and Landers (2014) examined the economic
losses from disruptions in imports and exports of commodities on port of exports and waterways.
The increase in containerized freight transport allows for the investigation of disruptions in
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transporting containerized freight caused by extreme weather conditions or malevolent mode
attacks. A risk-based extension to the economic input-output model that describes the
interdependent relationship among industry and infrastructure sectors in meeting final demand
was used. A multi-regional, multi-industry interdependency model was also used along with a
simple discrete-event simulation model for commodity arrivals and departures at several docks.
The authors found that since transportation systems enable the flow of commodities to one
location to another, the shutdown of waterway transportation modes contributes to import and
export losses from industries that utilize the waterways.
Güler, Johnson, and Cooper (2012) analyzed the impact of a partial or full disruption on
the transportation system between coalmines and coal-dependent power plants located in the
Ohio River Basin. Using a minimum cost flow model, the authors were able to minimize total
system transportation cost of coal while meeting service and capability constraints. The authors’
results show when water transportation is unavailable, changes in the mode of transportation lead
to a significant increase in total transportation costs. In addition, they find rail is the most
preferred transportation mode when transportation by barge is unavailable.
Kruse et al. (2018) analyzed the economic impact of the Gulf Intercoastal Waterway
(GIWW) on the following states: Texas, Louisiana, Mississippi, Alabama, and Florida. The
IMPLAN: Economic Impact Analysis for Planning model, an intricate modeling tool that
enhances the general I/O model approach, was used. The authors also examined the impact of an
abrupt closure of the GIWW, which would force shipments usually transported by barge to shift
to rail and truck transport. Results indicate that a complete closure of the GIWW would
significantly increase total transportation costs.
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Oztanriseven and Nachtmann (2017) use a simulation-based approach to examine the
economic impacts of a navigable inland waterways disruption response, which includes
responses based on commodity type. Their methodology measures the total economic loss during
a disruption based on shippers’ decisions- wait for the inland waterways to reopen or transfer
cargo to an alternative mode of transportation- and is run using short-term, medium-term, and
long-term scenarios. The results imply that total disruption costs increase daily as disruption time
is extended. Additionally, soybeans and several other commodities are more sensitive to
disruption and require immediate managerial attention.
The demand for agriculture commodities has a significant influence on the economy
therefore, it is also important to look at supply chain logistics of those commodities. The rapid
growth of soybean production and exports places a huge task on the transportation sector to
fulfill growing demands. Once the flow of shipment of commodities, such as soybeans, are
disrupted, a producer must find ways to reroute their product for shipment and export. Bai et al.
(2017) develop a modeling framework and detailed calculation procedure to analyze total
transportation costs for containerized soybean exports. The methodology assesses the cost of
containerized shipments from a specific point in the U.S. to a destination point to identify leastcost transportation options. Findings suggest that the most cost-effective route for transporting
soybeans yet most time-consuming is using barge travel to New Orleans then to the final
destination. A similar transportation cost study was conducted by Lopes, Lima, and Ferreira
(2016) used a transportation network model to minimize alternative soybean export routes in
Brazil. Scenarios were used that ranged the capacities of ports.
Larson, Smith, and Baldwin (1990) discussed soybean movements throughout the United
States. Shipping and transport information obtained from grain handlers and the Interstate
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Commerce Commission and U.S. Army Corps of Engineers reveal soybean production and
exports increased significantly over the years. Production was focused mostly in the Corn Belt
region, accounting for 58 percent of 1985 production. Seventy percent of soybeans transported in
the United States were made by barge to the Louisiana Gulf Region and eighty percent of
soybeans exported originated from the United States Gulf Region. In addition, Japan, the
Netherlands, and Taiwan key trading partners. The authors concluded if soybean imports to
countries located in the Pacific Rim region continue to rapidly increase, changes in the
transportation and distribution would have to be adjusted for the increased demand.
Reis and Leal (2015) proposed a new mathematical model that allows an individual
soybean shipper to plan the logistics for a soybean supply chain. Soybean supply in Brazil is
much lower than demand so suppliers must determine how much soy they will bring to the
market. There is also a shortage of rail transport due to it being a cheaper alternative to travel by
roadway. Models used to plan for the food supply chains were strategic, tactical, and operational.
The mathematical model used for this study was a linear programming model set to maximize
profit with continuous and non-negative variables. Real data obtained from a large trader was
used to test the model. The authors point out that the proposed model will help the supplier in
making shipping decisions and will provide useful information for future investments.
Gohari et al. (2018) used a theoretical intermodal network to identify the shortest path
and other modes of transport for containers being shipped from an origin to destination point
based on minimal time, distance, cost, and carbon dioxide emission objectives. Tradeoffs
associated with different transportation modes were also identified.
The efforts of Kazmann, Johnson, and Harris provide the foundation needed to facilitate
this study. However, instead of looking at the impacts from the failure of the Old River Control
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Structure in a comprehensive view, the focus of this research is to examine the impacts on a
narrower aspect, in particular, the economic impact of an avulsion as a result of a potential
ORCS failure on soybean exports. The literature examined in this section provides insights into
methods and data needs that are essential to this study.

2.1. Knowledge Gaps
Several publications in recent literature provide insight on topics relevant to this study;
however, there are essential questions that remain unanswered. First, published studies whose
main focus is waterway disruption through the closure of waterways or dams find that the
absence of barge transport increases total transportation costs. However, after a thorough review,
no literature was found which assesses the economic implications of the potential impassibility
of the Mississippi below Old River, an area that distributes over 60 percent of U.S. agricultural
export volumes. In addition, soybean logistic studies examine the most cost-effective routes
when all modes of transportation are available but there is lack of research that measures costefficient routes from an origin to a destination port in a foreign country given the impassibility of
the Mississippi River as well as how these costs change as a result of an avulsion. This research
seeks to fill in these gaps.

2.2. Kazmann, Johnson, and Harris 1980 Study Summary
The Mississippi River plays a vital role in the United States economy. An avulsion of the
Mississippi River due to the possible failure of the Old River Control Structure can have several
economic and physical consequences. Those consequences include but aren’t limited 1) to
flooding in communities located in and near the Atchafalaya Basin; 2) flooding of major
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roadways and collapsing of major bridges located within the Basin; 3) railroads that may have
lost their bridges due to high water; 4) severe delays of traffic that use routes going east and
west; 5) high saline content in the Mississippi River’s water supply affecting the drinking water
supply of residents along the lower portion of the river and industries who rely on freshwater for
cooling and processing purposes; and 6) lower natural gas supplies for areas along the East
Coast.
The following section, drawn from Raphael G. Kazmann, David B. Johnson, and John R.
Harris’s examination of the physical and economic consequences of the ORCS failure8,
summarizes some of the general consequences of an avulsion on the U.S. economy should the
ORCS fail. It is important to understand these consequences because an avulsion is a potential
reality that can have several impacts, most of which are unfavorable to involved parties. Please
note that all cost estimates are given in 1977 dollars9.

2.2.1. Flood Damage
Failure of the Old River Control Structure can have several unfavorable consequences.
The abundance of water that would flow through the Atchafalaya would initiate severe flooding
in the Atchafalaya Basin causing extensive damage to residential homes, commercial property,
and private property located near the river1011. Kazmann, Johnson, and Harris estimated losses
within and outside of the Basin. Parishes located within the Basin that would be affected by the

Economic estimates are extracted from Raphael G. Kazmann and David B. Johnson’s publication titled “If the Old
River Control Structure fails? (The Physical and Economic Consequences)”
9
To understand the potential costs in current dollars, costs were estimated using 1977 prices estimated by Kazmann,
Johnson, and Harris (1980), the Civil Works Cost of Construction Index (CWCCI), and the Consumer Price Series
Using Current Methods Index. Tables are provided in appendix A for reference.
10
See endnote number 5.
11
See endnote number 5.
8
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failure of the ORCS include Avoyelles, Iberville, Pointe Coupee, St. Landry, St. Martin, and St.
Mary. The parishes mentioned would most likely become uninhabitable. It was estimated that the
Basin contained roughly 60,000 citizens who would be affected, and total property losses were
estimated to be nearly $228 million. St. Mary Parish would sustain most of the damage from the
flood. The oil industry, onshore and offshore, would be compromised due to the large percentage
of employees and equipment based in Morgan City. The ability of firms located in Morgan City
to immediately resume services under normal operations would be unlikely.
In addition to St. Mary parish succumbing to floodwaters caused by the possible failure
of the ORCS, St. Martin parish would also be in jeopardy. St. Martin parish supports a large
portion of oil and gas production. Fossil fuels surround the area and are found in nearly
inaccessible locations. Access to these areas would become more difficult which may disrupt
exploration, production, maintenance of facilities, and increase already high expenses.
Flood damage would also occur in areas outside of the Basin but not nearly as severe as
what would occur within the Basin. Kazmann, Johnson, and Harris estimated that around 81,000
citizens lived in the affected area. The same methodology used to estimate property losses in
parishes located in the Basin was also used when estimating property losses outside of the Basin.
Total property losses were estimated to be approximately $34 million. Terrebonne parish would
sustain the most loss outside of the Basin. It was estimated that roughly 28,000 people would be
forced to seek higher ground should ORCS fail, and private property losses were estimated to be
roughly $13 million. Other parishes located outside of the Basin also likely to be affected were
Assumption, Iberville, and Lafourche parishes and total flood losses inside and outside of the
Basin were estimated to be $262 million affecting 139,000 residents.
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Estimates were also provided for public sector losses, expenditures, and fishing industry
losses. The 1973 Post Flood Report published by the U.S. Corps of Engineers recorded primary
categories of expenditures for flood-related activities in the Atchafalaya and the MississippiAtchafalaya Basin. These expenditures included strengthening of levees and floodwalls, raising
of the Atchafalaya Basin guide levees, sandbagging, road repair, and establishment of emergency
shelter for evacuees. The estimated loss of public sectors if the ORCS would fail was expected to
be roughly $60 million. Areas in greatest need of government assistance would be located
outside of the Basin. Flood control systems would have to be rebuilt, roads and highways would
have to be repaired, and shelters would need to be operational. The government would spend a
cautious estimate of $11 million. In addition, the ORCS, an estimated $200 million project,
would have to be replaced if possible.
Kazmann, Johnson, and Harris estimates also indicated that many residents of the lower
Atchafalaya Basin are reliant on the oil and gas industries as well as commercial fishing as
sources for income. If the ORCS would fail, the oyster and shrimp industries would be severely
impacted. The oyster mortality rate would increase considerably due to the decrease in
temperature and salinity of the water. Oyster beds located in the Basin and next to it would be
destroyed. Oyster producers who lease land for production would incur losses due to the
relocation of oyster beds.
One of the world’s largest shrimp nurseries lies along Louisiana’s marshy coastline.
Shrimp nurseries thrive along the coast feeding off the nutrients and freshwater that are brought
to the Gulf by the Mississippi and Atchafalaya Rivers. They also survive in a saline environment
combined with warm water ‒ approximately 68 degrees or warmer. When floods occur, the
increased flow of water decreases the temperature and the salinity level of the water. If the
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ORCS were to fail, lower salinity levels and the declining water temperature would increase the
death rate of young shrimp and the present location of shrimp nurseries would be uninhabitable.

2.2.2. Saltwater Intrusion
Another impact of the potential failure of the Old River Control System is saltwater
intrusion along the lower portion of the Mississippi River. Kazmann, Johnson, and Harris
provided estimates of losses, much of them qualitative, related to saltwater intrusion.
Water quality in the Lower Mississippi River would be changed as a result of the decline
in the flow of water following the failure of the ORCS. The most important effect would be the
increased salinity caused by saltwater intrusion in the river channel, as saltwater entering from
the Gulf of Mexico would displace the freshwater from the river. This change in water quality
could lead to complete conversion from freshwater to saltwater. Currently, there is an
equilibrium between the freshwater flowing down the Mississippi and the saltwater of the Gulf.
Freshwater that flows downstream erodes the dense saltwater that flows along the river bottom.
As a result, a wedge of saltwater is formed.
Saltwater penetration depends on water discharge from the river, tidal conditions, and the
height of the river bottom. Typically, the erosion caused by high rates of discharge prevents
saltwater penetration. This erosion prevents the wedge from going further upstream. However,
low water for long periods may allow the saltwater wedge to reach Kenner and even further
locations upstream. Kazmann, Johnson, and Harris state that on October of 1939, the flow of
water discharged at a rate between 75,000 and 100,000 cubic feet per second (cfs) for thirty
consecutive days. This marked the highest level of saltwater intrusion that had ever occurred.
The upper end of the wedge reached Norco, La, which is 120 miles from the Gulf of Mexico and
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fifteen miles above New Orleans. A year later, the wedge made its way past Kenner Hump
though the flow was less than 100,000 cfs for only a few days.
Failure of the ORCS will allow most of the freshwater to flow through the Atchafalaya
River, which would leave the Mississippi to discharge at an extremely low rate. This would
cause saltwater to move upward from the Gulf of Mexico and if this situation occurred for more
than six months, saltwater could eventually reach the Baton Rouge area. The drinking water
supply, water supply for industrial purposes, and the supply of cooling water would become
contaminated with the influx of saltwater that would flow up from the Gulf.
Citizens who live along the industrial corridor from Donaldsonville downstream rely on
the Mississippi River as a source for drinking water. Residents of Orleans and Jefferson Parishes
are included in this corridor. Kazmann, Johnson, and Harris stated that other alternatives for
drinking water would need to be used to eliminate a possible freshwater shortage. In the New
Orleans area, a geologic formation known as the 700-foot sand produces colored, potable water.
Water distribution facilities would be set up near areas that have operating wells allowing
drinking water to become available from this sand. In addition, the 400-foot sand located in some
areas of Orleans and Jefferson parishes may also be used as a source for drinking water. Another
approach would be to transport water from St. Tammany parish to areas with low water supply.
This method would cause the price of a gallon of water to increase. Transportation costs and
shipment containers would be the general cause of the price increase. Residents on the east side
of the river would have an easier situation due to the availability of groundwater in certain areas.
The availability of this groundwater eliminates the long hauls of transporting water. The authors
state that groundwater availability in Baton Rouge has been intensively examined. Information
on the availability of groundwater elsewhere in the area has been published by several sources
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that include the Louisiana Department of Conservation, the Louisiana Department of Public
Works, and the United States Geological Survey.
Saltwater intrusion effects on industrial production and employment were difficult to
describe. Plants that are stationed above underlying saltwater formations would have to use that
water for industrial purposes. Plants that use the water for the production of steam, or the
industrial process, might have problems treating the water. Kazmann, Johnson, and Harris stated
this would imply that the plants would have to significantly reduce output or shut down.
The steam-electric generating plants that use processed river water for broiler-feed would
also experience problems related to saltwater intrusion. Plants who are more favorable situations
than others may have wells drilled near freshwater aquifers located underground to obtain the
freshwater supply needed for broiler-feed.
The authors also stated that the quality of cooling water available for plant use would still
be an issue despite the replacement of processing and broiler-feed sources. Plants located along
the river were designed to use freshwater for cooling and make-up purposes. The use of saline
water would cause these plants to become vulnerable to corrosion. Extensive retrofit expenses
will replace the low cost of maintenance if there is corrosion of the heat exchangers. A more
serious problem is the successive reuse of water in many industries. In addition, the decrease in
the discharge of water due to the diversion of water down the Atchafalaya will cause the velocity
of the water to decline. This will cause the temperature of the water in the intake to rise not only
from the addition of heated water from plants upstream but from the “short-circulating” of the
heated water discharged from the plant itself to its river intake.
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2.2.3. Natural Gas Losses
Kazmann, Johnson, and Harris also discussed natural gas disruption. There are seven
general pipelines, which span over the Atchafalaya Basin that could be susceptible to disruption
if the ORCS were to fail. Those pipelines are owned by the following facilities: the Columbia
Gulf Transmission Company (CGT), the Florida Gas Transmission Company (FGTC), the
Southern Natural Gas Company (SNG), the Texas-Eastern Transmission Company (TET), the
Texas Gas Transmission Company (TGT), the Transcontinental Company (TRANSCO), and the
United Gas Transmission Company (UGT). The scouring activity of floodwaters may expose the
pipelines to vibration and debris. Kazmann, Johnson, and Harris estimated that together, the
seven pipelines transmit about fifteen percent of the natural gas to states in the eastern portion of
the Mississippi River.
An analysis was provided that assessed certain scenarios in which what would happen if
the ORCS would fail. Scenario one assumed the rupture of only one or two of the pipelines that
cross the Basin. Scenario two assumed the rupture of five out of the seven pipelines and the third
scenario is the worst-case scenario where all seven pipelines were ruptured.
Several variables ‒ the age of the pipeline system, type of crossing, subsoil characteristic
at crossings, rate of river discharge at the crossing point, number of lines within each systemwere evaluated. The pipelines were ranked ordinally based on the analysis of the five variables
mentioned previously. Kazmann, Johnson, and Harris did note that although there were no
specific criteria used to assess the probability of pipeline failure if the ORCS failed, the pipeline
companies mostly agreed with the analysis exercised.
When evaluating the variables used to determine the ordinal ranking system, the age of
the pipeline structure was considered. Recent inspections of pipelines built as early as 1942 were
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reported as having no signs of deterioration while newer constructed pipelines had already begun
showing signs of corrosion. In addition to the age of the pipeline, the type of pipeline crossing
the Basin, whether above-ground or underground, also played an important role in determining
the probability of failure. Pipes that were buried underground were subject to exposure of swift
currents and debris when major floods occurred. During the flood of 1973, this was the very case
for one of four major pipelines located within the Basin. Ruptures of this caliber were extremely
difficult to repair during flooding. In fact, as a result of the failure of one of the major pipelines
in 1973, above ground crossings were constructed by two facilities to eliminate the possibility of
pipeline exposure. The above-ground design allowed pipes to endure high discharge speeds, high
water, and debris impact. However, this design may be susceptible to a major flood since it was
designed only for minor floods. Should the ORCS fail, it is possible that the piers that support
the pipeline could wash away. The chance of the piers washing away depends on the following
factors: pier depth, the distance from the piers to the riverbanks, and the amount of time the pipes
are exposed if the river left its banks. Although piers supporting the above-ground pipelines are
designed to withstand certain flood conditions, a severe flood could still damage the pipelines.
The rate of discharge at a river crossing was also considered when determining the
ordinal ranking system of pipeline failure. The rate of discharge differs at many locations along
the river. For instance, in the Simmesport area southward to the I-10 Bridge, the guide levees
direct the river in a narrow waterway. This means high water will cause the flow of water to
increase substantially. This increases scouring activity at the river bottom and chances of
pipelines disrupting increase, other things constant. Pipelines located in the area south of I-10 are
less likely to rupture due to the lack of guide levees along the river allowing flood discharge to
flow freely across the Basin. As the water from the Atchafalaya River moves further south, guide
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levees once again navigate the flow into narrow waterways. There are two locations in the
southern portion of the Basin that may cause possible complications. The first complication that
could occur is located in the Morgan City-Berwick area where seventy percent of the
Atchafalaya’s discharge is directed in a narrow pathway into the Atchafalaya Bay. The other
possible complication is located at the Wax Lake outlet. Thirty percent of the river’s discharge
flows through Wax Lake under normal conditions, however, during flood stages, approximately
fifty percent of the discharge flows through the lake into the Gulf of Mexico. Unfortunately, both
of these locations are vulnerable to scouring activity during flood stages.
The determination of the probability of pipeline disruption is also influenced by soil type
and stratigraphic history. Scouring activity is frequent amid several locations within the
Atchafalaya Basin not only because of high discharge velocity but also because of the many
loosely arranged sandy-silty formations in the area. The combination of these two conditions
causes severe problems of scouring activity on the river floor.
When ranking the pipelines in order of failure, three categories were used by Kazmann,
Johnson, and Harris. The Transco and Florida Gas Transmission pipelines were grouped into
Category 1 and were least likely to fail; Category 2 consisted of Southern Natural Gas, Texas
Eastern, and United Gas pipelines and were stated to have a higher chance of failing than the
pipelines in Category 2; Category 3 consisted of pipelines most likely to fail and were operated
by Texas Gas and Columbia Gulf.
The first category ranks natural gas pipeline systems least likely to fail out of the seven
major pipelines crossing the Atchafalaya Basin. The two pipeline facilities in this category are
the Transcontinental Company and the Florida Gas Transmission Company.
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The Transcontinental (TRANSCO) system contains four natural gas pipelines that
originate in the offshore waters of Louisiana and Texas. These two 18-inch and 30-inch pipelines
cross the Basin just north of Melville and serve the states of Alabama, Delaware, District of
Columbia, Georgia, Kentucky, Louisiana, Maryland, Mississippi, New Jersey, New York, North
Carolina, Ohio, Pennsylvania, South Carolina, Virginia, West Virginia, and end in New York.
TRANSCO generally provides services to gas and electric utility industries that include
Consolidated Edison of New York and Atlanta Gas and Light. According to a senior official at
TRANSCO, increased scouring activity would only affect the two 18” underwater lines, leaving
the two 30” lines unaffected.
The Florida Gas Transmission Company (FGIC) system contains only one 24-inch
above-ground line crossing the Atchafalaya River approximately one mile north of Krotz
Springs. This pipeline was built in 1974 after the underground line was ruptured during the 1973
flood. The FGIC pipeline begins in south Texas and ends in Miami. Nearly all the gas transferred
through the line is delivered to Florida. Gas and electric industries are generally served by the
FGIC system. The pipeline’s location and design allow a very small chance that a failure of the
ORCS would cause a failure of the FGIC pipeline. There is, however, the possibility that the
river banks could be weakened sufficiently to wash out the supporting piers, but the likelihood of
this occurring is far less likely than that of the pipelines in Categories 2 and 3.
The second category continues the ranking from least likely to most likely to fail. The
facilities in this group are Southern Natural Gas, Texas Eastern Transmission System, and
United Gas Pipeline.
The Southern Natural Gas (SNG) pipeline system contains one 20-inch line crossing the
central portion of the Basin and two parallel lines, one 20-inch and one 30-inch, crossing the
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southern portion of the Basin. Originating in southeastern Louisiana, the system continues
through Louisiana, Mississippi, Alabama, Georgia, Florida, South Carolina, Tennessee,
Pennsylvania, New Jersey, Rhode Island, Massachusetts, and Connecticut. Industrial, utility,
commercial, and residential customers receive natural gas from the SNG system. Due to the
location of the system lying between U.S. 190 in the north and U.S. 90 in the south, the pipelines
navigate through the part of the Basin where the river’s identity is lost among the many swamps,
lakes, and bayous. Therefore, a rupture caused by underwater scour is less likely to occur.
The Texas Eastern System (TET) begins in south-central Texas and ends on Manhattan
Island. Public utilities that receive natural gas services from the TET system are located in
Alabama, Arkansas, Connecticut, District of Columbia, Illinois, Indiana, Kentucky, Louisiana,
Maryland, Massachusetts, Mississippi, Missouri, New Jersey, New York, Ohio, Pennsylvania,
Rhode Island, Tennessee, Texas, Virginia, and West Virginia. The structure that crosses the
Basin consists of one 36-inch line located in St. Francisville where the chances of scouring
activity are highly likely due to the main levees maneuvering waters though narrow channels of
the river.
The United Gas Pipeline Company (UGT) manages a complex network of pipeline
systems that cross the Basin and serve much of Louisiana and Mississippi as well as isolated
areas in Texas, Alabama, and the Florida panhandle. The second line stems from southeastern
Louisiana, crosses over the Basin at Wax Lake, unites at an adjacent line to the northwest, and
goes through Monroe toward Central Mississippi. The third line in the system begins south of
New Orleans, crosses Lake Ponchartrain, cuts across southern Mississippi, Alabama, and ends in
the Florida panhandle.
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A narrow, 18-inch underwater line crosses Wax Lake and is constrained by levees on
both sides. During high water, approximately fifty percent of all floodwaters that flow through
the Basin come from this small outlet, which increases the likelihood of scouring activity and
exposure of the UGT line. Although chances of pipeline exposure are increased, available
subsoil, data indicated that the line crosses an area in the outlet that contains Pleistocene clay,
which is resilient to erosion. It is believed that this could be the reason why the UGT system
located in Wax Lake survived the flood in 1973. The authors state that the plethora of water
expected to flow through the Atchafalaya Basin if the ORCS were to fail is adequate enough to
rupture this line.
Customers who receive services from the United Gas Pipeline Company are mainly
public utilities and industries that are directly connected to the system. Pipeline facilities located
south of the Wax Lake area are predicted to most likely fail out of all seven facilities. The two
facilities are the Texas Gas Transmission Company and Columbia Gulf Transmission Company.
The Texas Gas Transmission Company system begins in Eunice, Louisiana and ends in
Lebanon, Ohio. The system contains three parallel lines: one 20-inch line, one 26-inch line, and
one 36-inch line. States served by the TGT pipeline system are Louisiana, Arkansas, Mississippi,
Tennessee, Kentucky, Indiana, and Ohio. The eastern line, which contains the 20-inch and 26inch lines, crosses the Basin near the Wax Lake Outlet and is the only line that would be affected
should the ORCS fail.
Public utilities and gas distribution systems are serviced by the TGT system that crosses
the Basin at Wax Lake. The pipelines also cross the Atchafalaya River main channel south of
Morgan City. Should the ORCS collapse, both of these crossings, located in narrow levee
channels, and would be susceptible to scouring activity. When the age of the pipeline system,
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type of crossing, subsoil characteristic at crossings, and rate of river discharge at the crossing
point are considered, this section of the TGT system is one of the most likely to fail as a result of
the ORCS failure.
The Columbia Gulf Transmission System is located west of Lafayette, Louisiana and
contains three parallel pipelines: two 30-inch lines and a 30-inch line that passes through
Louisiana, Mississippi, Kentucky, and Tennessee. Natural gas is delivered to Louisiana and
Kentucky. The natural gas delivered in Kentucky is connected to other gas transmission lines and
transported out of state to West Virginia, Virginia, Maryland, and Pennsylvania. The percentage
of delivered gas that is kept in Kentucky is used in public utilities and natural gas distribution
sectors. Natural gas delivered in Louisiana is used in the refining and agricultural sectors of the
state’s economy.
One of three lateral lines located in the Atchafalaya Basin southwest of Morgan City in
the Wax Lake area is fixed above ground. The increased likelihood of scouring activity at the
Wax Lake outlet makes the CGT system susceptible to pipeline failure if the ORCS were to fail.
Kazmann, Johnson, and Harris provided a worst-case scenario assuming the rupture of all
seven major pipelines should the ORCS fail, which means that approximately fifteen percent of
the natural gas in the 28 states would be disrupted. An input-output analysis was used when
developing the estimates, so they should be interpreted with caution. Percentages of natural gas
shortfalls for seriously affected states were given which included New Jersey, South Carolina,
Delaware, and Georgia with percentages of 46.7, 42.1, 40.9, and 39.4, respectively. While
Alabama may not be severely affected as other states mentioned, a numerical example was
provided to clarify estimated economic and social costs that were estimated. If all pipelines were
ruptured as a result of ORCS failure, Alabama could lose nearly 228,000 mcf per day, a value
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totaling $209,426 daily. This is one of many effects that would be experienced in the state.
Utilities and industries will have to decrease their demand for other goods because of a natural
gas shortage, which would cause secondary effects. Once these effects have worked their way
down through the state economy, the total decline in state output would be approximately
$419,000 daily. The estimated decline in state income would be a little over $503,000 daily and
will reduce total employment by 5,272. If pipelines were to remain ruptured for six months,
estimated reductions in gross state output and gross personal income for the state of Alabama
would be $75 million and $90 million, respectively.
The assumption that failure of only pipelines in Categories two and three was also given.
In this scenario, only ten percent of the natural gas in the 28 eastern states would be disrupted.
States that would suffer the most substantial losses under this assumption were Georgia,
Alabama, South Carolina, Rhode Island, and Connecticut. Percentages of a natural gas shortfall
for each state were 33.5, 37.7, 26.7, 24.8, and 23.0, respectively. The daily reduction of gross
state output, state income, and employment for all 28 states were estimated. Gross state output
was reduced by $4.5 million, state income was reduced by a little over $5 million, and
employment was reduced by nearly 57,000.
If only the two pipelines in Category three failed, Kentucky would have the most
significant impact with a loss of thirteen percent of its natural gas and loss in daily gross state
output, state income, and employment activity. Reductions in daily gross state output, state
income, and employment were estimated to be approximately $161,000, $193,000 and 2,000,
respectively. Total reductions in all 28 states were estimated to be nearly $1 million in gross state
output and state income per day and leave 12,000 people unemployed.
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Several petrochemical firms located along the Mississippi River between Baton Rouge
and New Orleans are reliant on natural gas for broiler fuel and feedstock. Therefore, it is possible
that there could be significant effects if there is a failure of one or two pipelines that support the
area.
Concerns regarding electricity shortages in several southeastern states were also
addressed. The state that most likely will have a noticeable effect if there was a natural gas
disruption is Louisiana (southeastern Louisiana). This is likely because Louisiana generates a
small portion of its electricity through natural gas.
The economic and social costs associated with a pipeline disruption depend not only on
the possible failure of the Old River Control Structure and the likelihood of one or more
pipelines being disconnected, but also on the availability of reroute options and the amount of
time it will take to perform the operations needed to make necessary interconnections and
successfully repair or replace the damaged pipeline. Information obtained by Kazmann, Johnson,
and Harris found that pipeline companies had not created emergency plans or options that would
be utilized should a pipeline failure occur. Repair or replacement of a severed pipeline could take
from six months to a year during a massive flood. To minimize the amount of natural gas
disrupted over the duration of a flood, a pipeline company could reroute the gas to a line that was
large in capacity and was located near its pipeline to the east of the Basin or located near its
pipeline to the west of the Basin and crossed the Basin as well. Pipeline interconnections to other
pipelines do exist, but there are hardly any interconnections that exist for the same pipeline on
both sides of the Basin. Construction of an interconnection could occur, however, the amount of
time needed to build the interconnection would take the same amount of time as repairing or
replacing a ruptured line.
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2.2.4. Additional Losses
In addition to the losses described in the previous sections, Kazmann, Johnson, and
Harris also provided several losses in which no quantitative estimates were made. Certain loss
estimates were not made due to insufficient data and other factors. Some of those losses included
the relocation expenses of populations residing in the Basin; capital cost of water conservation
equipment located in the Baton Rouge- New Orleans corridor; disruption of oil and gas
exploration, development and production in Louisiana and the Gulf of Mexico because of loss of
support facilities caused by severe flooding the Morgan City-Houma area; construction and
maintenance of ring levees and pumping plants and other flood protection measures in the Basin;
and the cost of replacing wildlife that drowned during the flood.

2.2.5. Highway and Transportation Losses
The collapse of major highway and railroad bridges crossing the Atchafalaya Basin is
another substantial impact that could occur if the Old River Control Structure would fail.
Kazmann, Johnson, and Harris could not accurately estimate the probability of these bridges
failing. However, they do state that their failure is possible, thus estimates of losses in the
highway and transportation sectors were provided.
The major interstate flowing horizontally along the southern part of the country is
Interstate 10. U.S 90 is south of I-10 and crosses the Basin at Morgan City and flows through
New Orleans, Houma, Lafayette, Crowley, and Lake Charles. Approximately fifteen miles north
of I-10 is U.S. 190, which is parallel to I-10. This highway crosses the Atchafalaya in Krotz
Springs and connects Covington, Hammond, Baton Rouge, Opelousas, and Kinder. Railways
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that route through the Basin are located in Simmesport, Melville, Krotz Spring, and Morgan
City.
The bridges crossing the Basin were designed to endure severe stresses and function
safely during normal and high water levels. Therefore, it is highly unlikely that the bridges
would be destroyed due to the increased velocity of water. However, the scouring activity that
would occur may possibly undermine support piers of the bridges, which would result in failure.
The bridge most likely to initially fail would be the I-10 Bridge at Whiskey Bay. During the
1973 flood, a scour hole deeper than the depth of the centerline pier -185 feet below ground- was
developing toward the bridge.
The second and third bridges most likely to fail are the Atchafalaya Bridge located in
Krotz Springs and the bridge crossing LA-1 in Simmesport. The bridge located in Morgan City
(U.S. 90) that crosses the Atchafalaya would be the least likely to fail but would be subject to
erosion with partial roadbed flooding.
Costs related to any bridge failure are state and federal government replacement cost of
bridges, the additional cost of detours that must be taken by the driver of the vehicle, and the cost
in time, of the delays and trips not taken due to detour. The estimated cost to replace the I-10,
U.S. 190, U.S. 90, and LA 1 bridges is $65 million if the ORCS failed. The total repair cost of
roadways, approaches of highways that cross the Basin, and bridge replacements are estimated to
be $75 million. Due to the bridge in Morgan City having the lowest probability of failing, it
mostly would not need replacing thus estimated cost to replace the I-10, U.S. 190, and LA-1
bridges is $60 million.
The authors also claim that a closure of one or more of the major highways would cause
serious havoc on the commute for the thousands of travelers who cross the Atchafalaya Basin
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daily. Commuters would incur fuel, tire, maintenance, and other “wear and tear” costs of
automobiles and trucks. Time traveling on detours and alternative routes would also be
considered a loss. Two scenarios were given to estimate the loss relative to detoured commutes
of travelers. The first scenario is the closure of I-10 and U.S. 190 while the second scenario is the
closure of all four roadways.
Vehicle crossings for automobiles and trucks at the Atchafalaya River were given for the
year 1977 and cost per mile that reflected tires, maintenance, gasoline, and motor oil expenses
were also obtained. These costs were estimated to be around 12.2 cents for automobiles and 24.4
cents for trucks. Daily averages of automobiles who traveled via U.S. 90 were 14,000 and 3,800
for automobiles and trucks, respectively
In the first scenario, I-10 and U.S. 190 are closed. In order to cross the Basin, travelers
further north would use the LA-1 Bridge and travelers further south would use the U.S. 90
Bridge. Vehicles traveling from Baton Rouge to Lafayette would be rerouted to LA-1 from
Baton Rouge to Thibodaux, to LA-20 from Thibodaux to Morgan City, and to U.S. 90 from
Morgan City to Lafayette. This alternative route would result in a 96-mile detour resulting in a
daily total cost of nearly $120,000 for automobiles and nearly $80,000 for trucks. Likewise,
vehicles traveling from Baton Rouge to Alexandria would be rerouted to U.S. 190 and LA 1
through Simmesport. This alternative route would add a total of 6 miles to the U.S. 190 and LA
71 route resulting in a daily cost of $4,400 for automobiles and $2,200 for trucks should the
bridges collapse. The total cost for a one-year detour would be $45 million for automobiles and
$30 million for trucks, totaling $75 million.
Kazmann, Johnson, and Harris also provide a second scenario with all four roadways
closed due to bridge failure. This scenario reroutes traffic through the north of the Basin and

36

contains more miles than in the previous scenario. An alternative route for drivers who normally
use I-10 for travel would be detoured from Baton Rouge to U.S. 61 through Mississippi,
southwest on U.S. 54 and LA 28, then back to I-10 via LA 13. The additional mileage sustained
from this detour would be approximately 221 miles. Drivers who use U.S. 190 were projected to
use the same route as drivers who would use I-10. This detour would result in an additional 203
miles. LA 1 traffic would be redirected to Natchez and rejoin LA 1 in Alexandria totaling 159
additional miles. U.S. 90 is parallel to I-10 west of the Basin, therefore, traffic from New Orleans
would use a route similar to the previous detour described resulting in 302 additional travel
miles. If the worst-case scenario of all four bridges would occur, total costs for detouring would
be just over $573 million.
Average wage rates, with no additional benefits, of drivers of semi- and medium-sized
trucks were provided by the U.S. Department of Labor and was applied to vehicles of a similar
class who crossed the Basin roadways. The wage rate for drivers of automobiles was estimated to
be the gross hourly minimum wage rate of $3.53. Daily and annual costs of lost time for the first
scenario, closure of I-10 and U.S. 190 bridges, were estimated to be nearly $155,000 and $56
million, respectively. Daily and annual costs of lost time for the second scenario, all four bridges
closed, were estimated to be $1.1 million and $418 million, respectively. Total operating and
time costs caused by alternative routes for one year were estimated to be $130 million for
scenario one and nearly $1 billion for scenario two.
Four railways crossed the Atchafalaya Basin in 1977, however, only two were operable‒
the Southern-Pacific Bridge near Morgan City and the Missouri Pacific Railway crossing Krotz
Springs. Both of these bridges were constructed at the beginning of the 20th century and are
susceptible to collapse if the ORCS were to fail. If the railway bridge in Morgan City would
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collapse, the six trains that utilize the line daily would be redirected from New Orleans to
Natchez and reconnect at the mainline west of the Atchafalaya River. The additional mileage for
this detour would be roughly 300 miles. The four Missouri Pacific Railway trains would use a
similar route as the Southern-Pacific line, which was about 280 additional miles to the original
route.
The cost per mile for railway loss was obtained from the Economics and Finance
Department of the Association of American Railroads and was approximately $35.25. The
estimated loss of the two Southern-Pacific and Missouri Pacific bridges was approximately
$63,000 and $40,000 per day, totaling to $103,000 per day. Assuming the amount of time needed
to replace the bridges is one year, the total operating losses for both railway lines would be
nearly $37 million. In addition to operating losses, the railways would also incur capital losses of
replacing the bridges if they were to collapse because of the ORCS failure. Unfortunately,
because no similar bridges were recently built, Kazmann, Johnson, and Harris were unable to
make estimates for bridge replacement due to the lack of information available.
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Chapter 3. Methodology
The diagram in figure 3.1. illustrates the theoretical linkages that are hypothesized to be
important in determining the economic impact of U.S. soybean trade flows and the U.S. ability to
transport soybeans using alternative modes of transportation and route combinations following
an avulsion of the Mississippi River.

Failure of ORCS

Natural event (i.e.
heavy rainfall or
melting snow)
increases flow down
Mississippi River

General Consequences

Flood Damages

Highway and
Transportation

Salt Water
Intrusion

Natural Gas
Supply

Additional Losses

Soybean Transportation by
barge to the New Orleans
Gulf would be eliminated

Alternative
Transportation
Methods

Rail (Primary)
Truck

Increased
Transportation
Costs of Soybean
Exports

Figure 3.1. Theoretical linkages important to U.S. soybean exports as a result of the Old River Control
Structure failure

Economic theory suggests the occurrence of a natural disaster will cause environmental,
economic, and social impacts on the infrastructure of the affected area (Neal, 2014). The
occurrence of a natural event, such as heavy rainfall, massive snowmelt in the Midwest region,
or an intensive storm surge pushed up an at flood stage river, would increase the flow of water
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along the Mississippi River. This increase in flow would exceed the allotted discharge capacity
of the Old River Control Structure, causing it to fail. Without the structure intact, river
discharges of both the Mississippi and Atchafalaya rivers would interchange causing most of the
water to enter the Atchafalaya River indefinitely. Flood damages, saltwater intrusion, the
highway and transportation sector, and natural gas supply would be impacted as a result of the
ORCS failure. The disorder of the highway and transportation sector would directly affect
soybean transportation infrastructure due to the Mississippi River becoming impassible below
Old River.
A worst-case scenario will assume that substantially more water will be diverted to the
new route to the Gulf than what exists in the current path. As a result, transport by barge to ports
along the lower Mississippi would become increasingly difficult and eventually impossible due
to lowered channel depths and vessel draft restrictions. Because the flow of water in the lower
Mississippi channel would be minimal, the backflow of water from the Gulf of Mexico will be
pushed up the river, allowing ocean-going vessels to access ports along the New Orleans Port
Region. Alternative transportation modes would have to be utilized in order to meet the demands
of foreign consumers. When transporting soybeans abroad, railroads occupy the second-highest
modal shares after transport by barge (Denicoff, Prater, & Bahizi, 2014). Given the Mississippi
River is a vital asset to soybean trade, it can be assumed that shifts in modal transportation would
negatively affect the total transportation costs of soybeans exported.

3.1. Methods and Procedures
After a review of the literature and given the scope of this research it is determined that
the use of a network optimization model would yield dependable estimates of the economic
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impact of U.S. soybean trade when using alternative modes of transportation and routes
following an avulsion of the Mississippi River. The network optimization model that will be
used to conduct the analysis is the minimum cost flow model ‒ a model that can combine and
efficiently solve maximum flow, shortest path, and transportation applications ‒ all of which are
needed when determining a plan for transporting commodities from their supplier to storage
facilities and then to consumers (Hillier & Lieberman, 2015). The minimum cost flow model has
characteristics that make it similar to other optimization models. A list of these similarities can is
shown in Table 3.1.

Table 3.1. Minimum Cost Flow Problem Characteristics
Optimization Problems
Maximum Flow
Shortest Path

Transportation

Similarities
Considers flow (soybeans) through a network of limited arc capacities.
Considers a cost (transportation costs) or distance (alternative routes) for
flow through an arc.
Considers multiple sources (supply nodes) and multiple destinations
(demand nodes) for the flow, with associated costs.

Source: Hillier & Lieberman (2015)

General assumptions12 of the minimum cost flow problem are provided below:
a. The network is a directed and connected network and must contain flows through
an arc that are allowed in only one direction and every pair of nodes are
connected.

12

Assumptions are from the book Introduction to Operations Research Tenth Edition by Frederick S. Hillier and
Gerald J. Lieberman.
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b. At least one of the nodes is a supply node and at least one of the nodes is a
demand node. The flow produced at a supply node is a fixed amount and the flow
produced at a demand node is a fixed negative amount. Flow is absorbed at the
demand node.
c. Remaining nodes in the problem are transshipment nodes so the quantity of flow
out must equal the quantity of flow in.
d. Flow is allowed only in a single direction, where the maximum quantity of flow is
given by the size of that arc.
e. There are enough arcs within the network that are capable of transporting all the
flow that comes from the supply nodes to the demand nodes.
f. The cost per unit flow is given and that cost through each arc is proportional to
the quantity of that flow.
g. The goal is to minimize the total cost of transporting the available supply through
the network to satisfy the demand.

Using a minimum cost flow model requires supply, transshipment, and constraints.
Incorporating the transportation costs of truck, rail, and barge, production region supply and the
demand of the destination country, as well as the capacities of port of export regions into the
model will allocate the best least-cost alternative route combinations while minimizing total
overall cost to transport soybeans to a final destination. Figure 3.2. illustrates a hypothetical
representation of the network optimization model.
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Transshipment Points

S2
P2
S3
P1’

Supply

Demand

S4
P3
S5

C2

Figure 3.2. Soybean optimization network considered.
Source: Author’s own interpretation.

Many soybean production sites exist at the county level and it would be very difficult to
identify every export origination and destination pair. To estimate the most logical soybean
export flow, it is assumed that the supply node will be represented best by a city that is equally
distant from barge and rail transportation (Bai, et al., 2017). Five production regions were
included to represent annual soybean production. States that produced over one hundred million
bushels annually were selected and divided into regions based on the Bureau of Economic
Analysis business areas.
Nodes S1 to S5 (production regions one to five) are considered supply points; node D1
(dummy 1) represents remaining soybean production not included in the previously mentioned
production regions; nodes P1 to P4 (port of export regions) and P1’ (mode alternative) are
considered transshipment points; nodes C1 and C2 (importing countries) represent the demand
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points. The arrows represent the modal costs of transportation for truck, rail, and barge routes
from the supply nodes to transshipment nodes and transshipment nodes to the final destination.
The mathematical model used for this analysis is adapted from Lopes, Lima, and Ferreira
(2016) and is presented below in equations (1) to (10). The objective function seeks to minimize
the total transportation cost of sending soybeans through current routes before an avulsion and
alternative routes and modes after an avulsion to meet the demand of a foreign country as
follows
𝑛
𝑚
𝑜
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑍 = Σ𝑖=1
Σ𝑗=1
Σ𝑘=1
(𝑐𝑖𝑗 + 𝑐𝑗𝑘 )𝑥𝑖𝑗𝑘

(1)

subject to the following constraints and transportation costs:
a) Production Region Supply
𝑛
Σ𝑖=1
𝑥𝑖𝑗𝑘 ≤ 𝑃𝑖 𝑓𝑜𝑟 𝑖 = 1, … , 𝑛

b) Destination Demand

𝑜
Σ𝑘=1
𝑥𝑖𝑗𝑘 = 𝐷𝑘 𝑓𝑜𝑟 𝑘 = 1, … , 𝑚

(2)

(3)

c) Transshipment Constraints
𝑚
𝑚
Σ𝑗=1
𝑥𝑖𝑗 − Σ𝑗=1
𝑥𝑗𝑘 = 0

(4)

𝑛
Σ𝑗=1
𝑥𝑖𝑗𝑘 ≤ 𝑇𝑖 𝑓𝑜𝑟 𝑗 = 1, … , 𝑚

(5)

d) Port Capacity

e) Transportation costs
for 𝑐𝑖𝑗 :

where

𝑐𝑖𝑗 = 𝑐𝑡 + 𝑐𝑟 + 𝑐𝑏 + 𝑐𝑢

(6)

𝑐𝑡 : truck transportation cost in $/MT
𝑐𝑟 : rail transportation cost in $/MT
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𝑐𝑏 : barge transportation cost in $/MT
𝑐𝑢 : modal change unitary cost in $/MT when more than one mode of transport is
used.

Considering that for equation (6) :
𝑢≥ 0

(7)

and
𝑐𝑢 ≥ 𝑢 ∙ 𝑐𝑢𝑓

where:

(8)

𝑢: number of modal changes for 𝑥𝑖𝑗 ;
𝑐𝑢𝑓 : modal change cost in $/MT

for 𝑐𝑖𝑗 :

𝑐𝑗𝑘 = 𝑐𝑠

(9)

where
𝑐𝑠 : ocean transportation cost in $/MT

f) Nonnegative Conditions
𝑥𝑖𝑗𝑘 ≤ 𝑃𝑖 𝑓𝑜𝑟 𝑖 = 1, … , 𝑚; 𝑗 = 1, … , 𝑛; 𝑘 = 1

where

𝑚: number of exporting port regions;
𝑛: number of soybean production regions;
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(10)

𝑜: number of importing ports;
𝑇𝑗 : capacity of 𝑗 ports used to export soybean production;
𝑃𝑖 : number of soybeans produced in metric tons in each 𝑖 region;
𝑐𝑖𝑗 : transportation cost of shipping soybeans from production region 𝑖 to
exporting port region 𝑗;
𝑐𝑗𝑘 : transportation cost of shipping soybeans from exporting port region 𝑗 to
importing port 𝑘;
𝑥𝑖𝑗𝑘 : volume of soybeans shipped from production region 𝑖 to exporting port
region 𝑗 and exporting port region 𝑗 to importing port 𝑘; and
𝑍: total transportation cost of soybean shipment

To estimate the economic impact of an avulsion on soybean trade flows, a simple
approach from a producer’s perspective will be followed. The steps are to first identify the
supply chain for soybean exports before and after an avulsion. This includes original and
alternative routes, intermodal facility locations, and port of export regions. The next step is to
obtain truck, rail, barge, and ocean transportation costs for domestic shipments from producer to
final destination ports. The final step is to calculate total shipment costs for original shipment
routes before an avulsion and total shipment costs after an avulsion using alternative routes and
modes of transportation.
In addition, other assumptions and criteria are made. It is assumed that transporting
soybeans downstream via the barge along the Mississippi River for export through New Orleans
is the most cost-efficient mode of transportation for soybean producers. If there were a cheaper
alternative for shipping soybeans, this alternative would be used. Therefore, we assume that the
costs associated with using alternative modes of transportation would increase transportation
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costs of soybean exports. This would result in a negative tradeoff due to the costs associated with
increasing infrastructure in competing port regions PNW, Atlantic, and Great Lakes exceeding
costs that would be saved if the Mississippi remained accessible to barge transportation. Another
assumption that will be made is that competing port regions cannot increase infrastructure in the
short term. Thus, current port capacities will be used, and an avulsion of the Mississippi at Old
River would eliminate barge travel to the Mississippi Gulf indefinitely. Additionally, it is
assumed that approximately 48 percent of soybeans produced are exported to other countries and
approximately 61.5 percent of soybeans exported are shipped to China and Japan. Because
supply and demand in a minimum cost flow model must equal one another, the percentage of
soybeans exported to China would represent the flow in the model.
For simplicity, local transportation from the harvest site to intermodal facilities and
from the port of import to the final destination point is not included. Additionally, the
assumption is made that rail and highway infrastructure is sufficient, and no additional costs are
being included to address capacity constraints of substituting rail hopper cars and trucking for
barges. Based on the mathematical model presented, Microsoft Office Excel Solver was used to
run the optimization scenarios considered.

3.2. Data
Data needed for this research were obtained from the USDA Agricultural Marketing
Service (AMS), which provides soybean movement data and barge rates. Modal transportation
costs of truck and ocean rates were taken from Grain Truck and Ocean Advisory Reports by
AMS. Since ocean rates for certain port of export regions were not readily available, rates from
multiple Grain Truck and Ocean Advisory Reports by AMS were used to find the average mile
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per metric ton rates of bulk grain exports from reported port of export regions to the same
destination. Ocean and truck routes were calculated by using the Netpas software and PC*Miler
Copilot software. The Surface Transportation Board (STB) Public Waybill Sample was also used
to analyze soybean rail movements from various BEA areas to port of export destinations. Rail
rates for those movements were also extracted from the Waybill Sample. Selected rail routes
were extracted from the Tariff and Rail Rates for Unit and Shuttle Train Shipment dataset used
in the Grain Transportation Report (GTR), a weekly publication by AMS, and compared to
Waybill Sample rail rates so that rates were within reasonable ranges. Soybean production data
measured in bushels was obtained from the USDA National Agricultural Statistics Service
(NASS) QuickStats Database. Soybean export data were obtained from two databases – the
Global Agricultural Trade System and the Production, Distribution, and Supply – both of which
are provided by the USDA Foreign Agricultural Service (FAS). Class I railroad network data
and intermodal facility data were obtained the United States Department of Transportation
Bureau of Transportation Statistics (BTS).
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Chapter 4. Empirical Analysis
A network optimization model was utilized to estimate the economic impact of U.S.
soybean trade following an avulsion of the Mississippi River. Because this analysis assumes the
most current logical and least-cost routes, routes were generated based on general assumptions of
current shipping and future routes to ports of export assuming the impassibility of the Mississippi
below Old River and the elimination of barge travel to the New Orleans Gulf port region.
Production regions selected for the analysis are located in the Midwest region of the U.S., which
is responsible for producing over 80 percent13 of U.S. soybeans and along the Lower Mississippi
River corridor. Production region 1 (S1) is represented by Illinois, Indiana, and Ohio. Production
region 2 (S2) is represented by Minnesota, Wisconsin, and North and South Dakota. Production
region 3 (S3) is represented by Missouri and Iowa. Production region 4 (S4) is represented by
Nebraska, South Dakota, and Iowa. Production region 5 (S5) is presented by Arkansas,
Mississippi, Kentucky, and Tennessee. The city of St. Louis (P1’) is an inland port and will act
as a route alternative for exports. Port of export regions are the New Orleans Gulf, PNW,
Atlantic, and Great Lakes. ArcMap was used to identify truck, rail and port intermodal facilities
located within each production region.
Approximately 89 percent of soybeans destined for export are shipped to a country
elevator while 11 percent are shipped directly from the harvest site annually (Informa
Economics, 2016). Once soybeans arrive at the country elevator, they are transported via truck
and rail to a nearby intermodal facility within a 50-mile radius for transport to a port of export

13

In 2017 the top soybean-producing states were Illinois, Iowa, Minnesota, Indiana, Nebraska, Missouri, Ohio,
Mississippi, Arkansas, North and South Dakota, Tennessee and Kentucky. These states, with the exception of
Tennessee, all produced over 100 billion bushels of soybeans with Iowa and Illinois both producing well over 500
billion bushels.
Source: USDA National Agricultural Statistics Service (NASS)
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destination. For simplicity, the analysis will consider transportation costs of shipping soybeans
from an intermodal facility located in each production region to the port of export (transshipment
point) and from the transshipment point to the port of import (final destination). A map of the
production regions, intermodal facility locations, and port of export regions is presented below in
Figure 4.1.

P2
S2

P4

S4

S3

S1
P1’

P3
S5

P1

Production Regions
Port of Export Locations

Figure 4.1. 2017 U.S. soybean production by county, production regions, intermodal facility locations,
and port of export regions.
Source: USDA National Agricultural Statistics Service and Bureau of Transportation Statistics Service

Because the U.S. produces more soybeans than what is exported, soybean production for
each region is based on the demands of China and Japan, top importers of U.S. soybeans, rather
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than world soybean demand. To estimate the amount of soybeans exported to China and Japan,
the percentage of soybeans exported to the world was multiplied by the soybeans produced in
each production region state. Once the export supply to the world was estimated, soybean
production was multiplied by the export percentages to China and Japan. To eliminate the
possibility of counting states represented in multiple production regions, the export percentage of
each state was divided by the number of times a state appeared in each region. For example,
Iowa is represented by two production regions; therefore, half of its total export production to
China was distributed among the regions in which it appeared.
For this analysis, two scenarios were used to show the differences in total transportation
costs before and after an avulsion of the Mississippi River at Old River. To ensure parallelism in
the results, the same costs, supply, demand, and transshipment constraints were used in each
scenario. Scenario 1 attempts to replicate the current estimated transportation costs using
transshipment constraints before an avulsion as well as all available transportation modes from
the production regions to the transshipment regions and from the transshipment regions to the
final port of import14. In this scenario, soybeans are able to be shipped via barge, rail, or truck to
port of export locations. Scenario 2 represents the transportation costs of shipping soybeans after
a possible avulsion resulting in barge travel being eliminated indefinitely. The elimination of
barge travel allows soybeans to use only rail and truck modes to deliver shipments to ports of
import.
Table 4.1. presents capacity constraints for origins, transshipment locations, and
destinations. Transshipment capacities were estimated using recent soybean exports to China and

14

Note: Transportation costs from the country elevator to the harvest site to the intermodal facility are not included
in the model. Additionally, routes from transshipment point to the final port of import will remain the same in all
scenarios.
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Japan. The difference in supply and demand capacity of soybeans resulted in an unbalanced
optimization problem. To change the problem to a balanced problem, an additional production
region (Dummy 1) was added to the model. The inclusion of a dummy variable allowed the
production region supply to remain less than or equal to the considered supply constraint and the
destination demand remains equal to considered demand constraint resulting in a feasible
solution. Another way to solve this problem was to set the production region supply equal to
considered supply constraint and the destination demands remain less than or equal to the
considered demand constraint. Production areas not represented in the model are also represented
by a dummy variable. Costs of these areas could not be obtained due to limited resources and
time constraints. The reader should note that the inclusion of a dummy variable requires its costs
to equal zero. Realistically, these costs will not be zero, therefore the final transportation cost to
export soybeans was assumed to be higher than the costs calculated in the optimization model.
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Table 4.1. Considered capacity constraints origins, transshipment locations, and final destinations.
Origins

Considered
Supply (MT)
9,439,900

Transshipment
Locations
New Orleans Gulf
Port Region
(P1)

Considered Port
Capacity (MT)
21,342,800

Production
Region 2 MN,
SD, ND, WI
(S2)

8,585,400

PNW Port Region
(P2)

13,951,800

Production
Region 3
MO, IA
(S3)

4,588,700

Atlantic Port Region
(P3)

1,092,900

Production
Region 4
IA, SD, NE
(S4)

5,816,600

Great Lakes Port
Region
(P4)

233,000

Production
Region 5
MI, AR, TN, KY
(S5)

3,843,900

Total

32,274,500

Production
Region 1
OH, IN, IL
(S1)

Destinations
Shanghai, China
(C1)

Considered
Demand (MT)
31,689,000

Yokohama, Japan
(C2)

2,229,000

Total

33,918,000

Note: Capacities were estimated using USDA AMS GATS Database.

Considering the limited export capacities of ports located in individual cities, this
analysis uses port of export regions unlike other optimization models. Typically, the USDA
aggregates soybean exported within their respective port of export region to represent total
export percentages for that port of export region. For example, soybeans shipped through the
New Orleans Gulf Port Region represent approximately 60 percent of U.S. soybeans exported
whereas soybeans shipped through the PNW region represent approximately 24-25 percent of
soybeans exported15. Due to variation in rail rates with identical routes, the average rail cost was
used to represent the rail cost to port of export regions with multiple representative ports.

15

Source: Profiles of Top U.S. Agricultural Ports
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4.1. Quantitative Results
Results of the optimization simulations are presented below. Scenario 1, which represents
current cost-effective transportation prior to an avulsion, indicates a minimized transportation
cost of $2.035 billion. When modal change costs16 are added, the final total transportation cost
increases to $2.153 billion. Shipments are considered to change modes when being loaded and
unloaded on varying modes. For example, a total of two modal changes are assumed for a route
leaving an intermodal facility in Production Region 1 to the New Orleans Gulf Port Region and
from port region to the final destination. These changes are determined by the loading of
soybeans onto shuttle rail cars or barge destined for the Gulf and the unloading and reloading of
soybeans onto an ocean-going vessel to China. 57.15 percent of total shipments destined for
China were transported to the Mississippi Gulf port of export region via barge while 36.28
percent were sent to the PNW port of export region via rail. Additionally, 5.78 and 0.80 percent
of soybeans destined for Japan were shipped to the Mississippi Gulf and PNW, respectively. No
soybeans were shipped through the Atlantic or Great Lake port of export regions. This is likely
due to the high modal transportation costs however, the low capacity constraints of these ports
may have played a factor as well17. Despite the reasoning behind zero shipments to the Atlantic
and Great Lakes port of export regions, this cost is logical given that the existing barge travel
along of the Mississippi River extends as far north as Minneapolis-St. Paul, MN down to the
Mississippi Gulf.
16

Modal change costs are estimated to be approximately $0.05 per bushel per mode change.

17

Rail transportation costs of all production and port of export region combinations of interest were difficult to
obtain. Although STB Public Waybill Data and AMS GTR data provided several rates for certain origin-destination
route combinations, some combinations were not available. To ensure there were routes for each production region
and port export region route, truck rates were substituted. The truck mile-per-metric ton rate provided by USDA
GTR was multiplied by the average mileage of the intermodal facility geographically located in the center of BEA
economic areas to the designated port of export region. More accurate transportation costs from the production
regions to the Atlantic and Great Lakes port of export regions may have resulted in some soybeans shipments.
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The least-cost alternative following an avulsion is a transportation cost of $2.549 billion,
a 25.27 percent increase. As discussed in the hypothesis, this result was expected due to the fact
that the optimized route in Scenario 1 utilizing barge travel for most of the inland shipments to
ports of export. When modal change costs are added, the final total transportation cost increases
to $2.667 billion. The modal cost of shipping soybeans was $118.588 million in scenario 1
however; in scenario 2 the cost decreased 0.47 percent. The inland transportation costs18 and port
of export shipments are presented in Tables 4.2. and 4.3. The average inland transportation cost
per metric ton and per bushel for all possible routes is $33.40 and $0.909 prior to avulsion,
respectively. Following an avulsion, the average cost increases to $47.80 and $1.301,
respectively. When ocean costs are added to the inland costs, the total transportation cost of
exporting soybeans from Production Region 1 to the New Orleans Gulf Port Region to China and
Japan following an avulsion is $81.88 per metric ton, a 41.18 percent increase19. The total
transportation cost of exporting soybeans from Production Region 3 and 5 to the New Orleans
Gulf Port Region to China and Japan is $78.66 and $80.07, respectively. When compared to
scenario 1, these costs see increases of 27.16 and 75.74 percent. Two additional routes were
created in scenario 2.

18

Inland transportation costs represent the total transportation cost of shipping soybeans from an intermodal facility
within a production region to a port of export location. It also includes unitary modal change handling costs.
19
The average shipping cost combines all possible routes for both China and Japan. The difference in ocean
shipping costs for each route to China and Japan was $0.96 and $0.68 for shipments exported from the M.R. Gulf
and PNW port of export region, respectively.
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Table 4.2. Inland Transportation Cost Comparison
Route
Production Region 1 to N. O. Gulf Port Region
Production Region 2 to N. O. Gulf Port Region
Production Region 2 to Great Lakes Port Region
Production Region 2 to PNW Port Region
Production Region 3 to N. O. Gulf Port Region
Production Region 4 to N. O. Gulf Port Region
Production Region 4 to PNW Port Region
Production Region 5 to N. O. Gulf Port Region

Before Avulsion
$/MT
$/BU
19.14
0.52
28.05
0.76
59.26
1.61
23.01
0.63
59.58
1.62
11.27
0.31

After Avulsion
$/MT
$/BU
43.03
1.17
31.37
0.85
59.26
1.61
39.81
1.08
52.26
1.42
59.58
1.62
49.22
1.34

% Change
125%
0%
73%
0%
337%

Note: Hyphens in the before and after avulsion columns indicate that soybeans were not shipped using
that route. As a result, the percentage change for those routes could not be calculated.

Although the inland transportation cost of soybeans for individual routes increased
significantly in scenario 2, shipments from Production Region 1, 3, and 5 to the Mississippi
River remain unchanged in both scenarios. Additionally, two shipment routes are used in
scenario 2 that were not used in scenario 1. Conversely, one route previously included in
scenario 1 was not included in scenario 2.
Soybean shipments to China and Japan from the Great lakes port region are minimal in
both scenarios when compared to shipments from the Mississippi River and PNW port regions.
Similarly, soybeans were not shipped from the Atlantic port region. As mentioned previously,
this could be due to the limited capacity of Atlantic port facilities and alternative cost estimated
for that particular route20

20

See Footnote 12.
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Table 4.3. Port of Export and Port of Import Shipment Comparison
Port of Export
Shipment
Route
Before in MT
Production Region 1 to N. O. Gulf Port Region
9,439,900
Production Region 2 to N. O. Gulf Port Region
3,470,324
Production Region 2 to Great Lakes Port Region
Production Region 2 to PNW Port Region
5,115,076
Production Region 3 to N. O. Gulf Port Region
4,588,700
Production Region 4 to N. O. Gulf Port Region
Production Region 4 to PNW Port Region
5,816,600
Production Region 5 to N. O. Gulf Port Region
3,843,900
Port of Import
Shipment
Route
Before in MT
N. O. Gulf Port Region to China
19,383,855

Shipment After
in MT
9,439,900

% Change

303,326
8,282,074
4,588,700
1,790,397
4,026,203
3,843,900

62.00%
0.00%
-31.00%
0.00%

Shipment After
in MT
18,016,768

% Change

PNW Port Region to China
Great Lakes Port Region to China
N. O. Gulf Port Region to Japan

12,305,145
1,958,969

13,542,764
129,468
1,646,129

PNW Port Region to Japan
Great Lakes Port Region to Japan

270,031
-

409,013
173,858

0.00%

-7.05%
10.06%
-15.97%
51.47%
-

Note: Hyphens in the before and after avulsion columns indicate that soybeans were not shipped using
that route. As a result, the percentage change for those routes could not be calculated.

In addition to comparing the total transportation costs per metric ton and bushel, the Cost,
Insurance, and Freight (CIF) price of exported soybeans from an intermodal facility to a port of
export region and from a port of export region to the final destination was also estimated. To
estimate the CIF21 prices, the 2017 average farm price received for states represented in each
production region was calculated. Since this price is reported in a per bushel cost, the cost was
converted to a metric ton cost. For this analysis, the farm price will act as the

21

The Cost, Freight, and Insurance (CIF) price means that the seller has more responsibility and will pay for and
arrange transportation, freight duties, and insurance. Definition is taken from the website Trade Finance Global
https://www.tradefinanceglobal.com/freight-forwarding/incoterms/cif-price-cost-insurance-and-freight/
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Free-on-Board22 (FOB) intermodal facility price. When total transportation costs, which include
the inland and ocean transportation cost, are added to the FOB price, this results in the CIF prices
for China and Japan. Table 4.4. presents the CIF price for soybeans shipped to China. An
avulsion would result in a 5.82, 4.14, and 9.32 percent CIF price increase for soybeans shipped
from Production Region regions 1, 3, and 5, respectively, via rail to the New Orleans Gulf Port
Region.
Table 4.4. China CIF Price Comparison

Route
Region 1 to N. O.
Gulf Port Region
Region 2 to N. O.
Gulf Port Region
Region 2 to Great
Lakes Port Region
Region 2 to PNW
Port Region
Region 3 to N. O.
Gulf Port Region
Region 4 to N. O.
Gulf Port Region
Region 4 to PNW
Port Region
Region 5 to N. O.
Gulf Port Region

2017 FOB
Price at
Intermodal
Facility23
353.11

Before Avulsion
Total
CIF
Transportation Price
Cost per $/MT per
$/MT
57.51
410.62

CIF
Price
per
$/BU
11.18

After Avulsion
Total
CIF
Transportation
Price
Cost per $/MT
per
$/MT
81.39
434.50

CIF
Price
per
$/BU
11.83

%
Change

5.82%

333.72

66.42

400.15

10.89

66.42*

-

-

-

333.72

79.42*

-

-

79.42

79.42

11.24

-

333.72

79.63

413.36

11.25

79.63

413.36

11.25

0.00%

344.10

61.38

405.48

11.04

78.18

422.28

11.49

4.14%

334.00

90.63*

-

-

90.63

90.63

11.56

-

334.00

79.95

413.75

11.27

79.95

413.95

11.27

0.00%

357.42

49.64

407.06

11.08

87.59

445.02

12.11

9.32%

Note: Prices with asterisks represent the transportation costs of that route although product may not have
shipped in the previous or current scenario.

22

The Free-On-Board (FOB) price occurs when the seller delivers the goods to the port of shipment, at which then it
becomes the responsibility of the buyer once unloaded onto a vessel. Definition is taken from the website Trade
Finance Global https://www.tradefinanceglobal.com/freight-forwarding/incoterms/fob-price-free-on-boardmeaning/.
23
Prices were extracted from USDA NASS QuickStats.
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Chapter 5. Research Implications, Conclusions, and Limitations
The significant increase in the total transportation cost of soybeans has several
implications. If there is a Mississippi River avulsion at the ORCS and the course of the river
permanently shifts, the increase of transportation costs would have negative impacts on
agricultural trade if investments needed to maintain the river are not made. Results from the
proposed scenarios indicate that an avulsion would cause soybeans to be shipped by rail to the
New Orleans Gulf Port Region, significantly increasing total transportation costs of soybean
exports to China and Japan. This result is logical given that barge travel along the Mississippi
River to the Gulf is currently the most cost-efficient mode of transportation for inland soybean
shipments and its elimination would result in increased transportation costs. However, given that
this analysis looked at the economic impact of an avulsion on soybean exports, the increase in
cost represents a lower-bound cost. Logistical capacity constraints and increased demand for
transport services as a result of an avulsion also contribute to this lower-bound cost.
The proposed increase in soybean transportation cost after an avulsion of the Mississippi
River is approximately $513.8 million to $514.4 million, annually24. If soybean exports to China
and Japan remain constant, the estimated half-billion dollar increase in transportation costs of
soybeans on an annual basis will exceed billions of dollars in the long-run. It is important to note
that this cost represents only the cost of shipping soybeans to China and Japan for 2017 and does
not account for the remaining 38.50 percent of soybeans shipped to the rest of the world. It also
does not consider other agricultural commodities shipped from the New Orleans Gulf Port
Region such as corn, wheat, rice, and other bulk commodities. If transportation costs of soybeans

24

Transportation costs are with and without modal change costs.
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are assumed to increase, then the transportation costs of other agricultural commodities
frequently shipped by barge are expected to increase as well.
In the optimization model, there were no capacity constraints on the number of barges,
rail hopper cars, or trucks that could be used to ship soybeans to port of export regions. In reality,
given shipping time constraints, the number of available railcars, labor, and other outside factors
such as market power the increase in rail movement capacity to the New Orleans Gulf Port
Region will likely cause rail costs to increase due to demand increases. After an avulsion, the
optimization model indicated that the New Orleans Gulf Port Region exported 19,662,897
million metric tons or approximately 772 million bushels of soybeans to China and Japan. In
scenario 1, all soybeans transported to the New Orleans Gulf Port Region were shipped via
barge. Using this information, it can be assumed that shipments to the Gulf via rail in scenario 2
would have been sent via barge if that mode were available.
According to the Soy Transportation Coalition, a fifteen-barge tow hauls approximately
787,000 to 855,000 bushels of soybeans, which is equivalent to 219 rail hopper cars. The number
of rail car hoppers that would be added to the current rail movement following an avulsion is
185,058 to 209,920 or in terms of a 100-car unit train, approximately 1,851 to 2,009 additional
unit-train shipments of soybeans annually. The number of unit-train shipments to the PNW
would also increase given the projected increase in the amount of soybeans shipped to the PNW.
This increase in rail shipments is not as large as the increase in shipments to New Orleans ports.
Furthermore, the increase in unit-train shipments would also increase carbon-dioxide emissions,
result in possible delays of shipments due to congestion at loading facilities, and increase daily
commute times of citizens at rail crossings as a result of the wait of increased unit-train traffic.
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Looking at the increases in inland transportation costs following an avulsion, producers
who produce in production regions 1, 3 and 5 will see higher cost increases per bushel than
producers who produce in production regions 2 and 4 with the elimination of barge travel. In
reality, barge travel may not be eliminated completely and shipments from production region 1
and 3 may be able to travel as far down to St. Louis, MO or Cairo, IL or even as far south as
Vicksburg or Natchez, MI by barge and from there shipped to the New Orleans Gulf by rail.
However, shipments from production region 5 who see the highest increase in intermodal facility
cost would most likely not have that option given the location of this region. Because this is a
worst-case scenario analysis, the combined transportation cost of barge and rail was assumed to
exceed the rail transportation costs directly to the Gulf.
Results in scenario 2 also indicate that an avulsion would negatively impact U.S. soybean
trade by reducing U.S. competitiveness in the world market. Production regions with increased
inland transportation costs will also see increases in their respective CIF soybean price of
soybean exports to China. The CIF price is the price China and Japan will pay for soybeans
imported from the U.S. An increase in the CIF price will likely cause decreases in China and
Japan’s demand for U.S. soybeans or a decrease in the price producers receive for their product
which will cause the U.S. to become less competitive relative to export competitors, Brazil and
Argentina.
Depending on the dollar amount of long-run losses incurred due to increases in
transportation costs, it may be favorable to invest in additional river maintenance to prevent an
avulsion. Avulsion prevention practices include dredging, maintaining flood control structures,
and levee system preservation. To get an idea of the cost of dredging, a project promoted by
Mississippi River stakeholders, which includes soybean producers, will deepen the Lower
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Mississippi River from 45 feet to 50 feet along the Lower Mississippi shipping channel25. The
project will cover the final stretch of the river located between Baton Rouge and the Gulf of
Mexico, a distance of 256 miles. Costs include planning, design, and research and are an
estimated $237.7 million or just under $929,000 per mile. Although this is likely a high estimate
because it estimates dredging of an additional five feet while the river is usually dredged to at
least 47 feet26, it gives a good estimate of dredging costs associated with maintaining the river.
Maintaining flood control structures and levee systems will also contribute to the
prevention of an avulsion. While the exact annual costs of maintaining levees and flood control
structure are currently unknown, if they, combined with annual dredging costs, are less than the
potential increases of inland transportation costs then it would be beneficial to invest in
additional maintenance. Alternatively, should an avulsion occur, infrastructure investments to
ports located in the PNW may be necessary. Given the PNW geographical proximity to East
Asia, the amount of money saved by increasing port infrastructure may be beneficial in the longrun and allow the U.S. to continue to maintain its competitiveness in the global market.
In addition to assessing the increases in costs associated with soybean trade, the
economic losses of the general consequences of avulsion proposed by Kazmann, Johnson, and
Harris (1980), were inflated to 2017 prices to give an idea of the economic impact on areas
located in Southern Louisiana. The general losses include flood damages to communities,
saltwater intrusion of drinking water supply, highway and transportation, and natural gas supply.
Using the estimated provides by the authors of the 1980 study, economic losses are a low and

Article published on the website Nola.com │The Times-Picayune.
https://www.nola.com/news/environment/article_6fe1c7fe-db4b-5a1d-866d-b4ba8b20635c.html
26
Article published on the website Grainnet.com. https://www.grainnet.com/article/173004/united-soybean-boardapproves-funding-to-support-mississippi-river-dredging
25
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high cost of $6,246 to 15,508 million dollars. Cost tables are provided in the appendices for
reference.

5.1. Conclusion
The U.S. is among the top soybean exporters in the world market. With a cost-efficient
transportation system, the United States is able to maintain its competitiveness. An avulsion of
the Mississippi River at Old River is an important yet rarely discussed topic in scientific
literature or among policymakers. Although there are flood control systems and river
maintenance plans in place by government agencies, scientists have asserted that it is only a
matter of time before nature regains control of the river and the Mississippi River changes its
course (Kazmann, Johnson, & Harris, 1980). While this thesis does not discuss when this will
happen, it does estimate the costs associated with the potential natural disaster from a soybean
trade perspective.
The purpose of this thesis was to identify feasible alternative soybean export routes
following a Mississippi River avulsion and compare the least-cost alternatives of shipping
soybeans to port of export destinations and final demand destinations before and after an
avulsion. To accomplish this, a network optimization model was used to minimize the total
transportation cost of soybean exports from production regions within the U.S. to China and
Japan. Current port of export capacities, China and Japan soybean demand, and modal
transportation costs of barge, rail, and truck, were obtained from various sources, which include
the USDA AMS and NASS, as well as the 2017 STB Public Waybill Sample. Locations of the
production regions were located in the Midwest and the Lower Mississippi River corridor. Port
of export regions were the Mississippi Gulf, PNW, Atlantic, and Great Lakes.
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Studies by Bai et al. (2017) found that the most cost-effective route for transporting
soybeans yet most time-consuming is using barge travel to New Orleans to the final destination.
Pant, Barker, and Landers (2014) found that the shutdown of waterway transportation modes
contributes to import and export losses from industries that utilizes the waterways. Similarly, a
study by Kruse et al. (2018) indicated that a complete closure of the GIWW would significantly
increase total transportation costs. The results found are consistent with literature. An avulsion
would result in modal shifts from barge to rail. This would lead to a 23.86 to 25.27 percent
increase in total transportation costs of shipping soybeans to China and Japan, leading importers
of U.S. soybeans. Production regions affected are regions 1, 3, and 5, with regions 1 and 5 seeing
high intermodal transportation costs that region 3. Additionally, the estimated CIF price to China
may negatively affect U.S. competitiveness.
It is important to identify the costs associated with a possible avulsion and how they will
affect Mississippi River beneficiaries. Recognizing the increases in transportation cost of
soybeans gives a good estimate of cost losses in the long-run. If other commodities are accounted
for, these costs will exceed billions of dollars which will impact agricultural trade. This study
utilized a single commodity to shed light on the important economic consequences of an avulsion
of the Mississippi River at ORCS. In doing so, the study estimates financial impacts that
constitute additional justification for a more thorough examination of the costs and benefits of
precautionary measures that might be undertaken to ensure an avulsion is prevented. Since an
avulsion not only affects agricultural trade but also other economic sectors and communities, it
may be beneficial for policymakers to create a committee within the Mississippi River
Commission solely dedicated to the future of the Mississippi River policy that will take into
account possible circumstances (physical and economic) associated with an avulsion.
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Furthermore, given the costs drawn from the Kazmann, Johnson, and Harris (1980),
policymakers should not only focus on the prevention of an avulsion, but also on what actions
should be taken to ensure U.S. economic stability if an avulsion does occur. A recommendation
is to update the Kazmann, Johnson, and Harris (1980) study to identify parties that would be
affected and give a current cost estimate of losses associated with an avulsion.
Limitations of this study include the inability to obtain all transportation costs associated
with soybean exports and time constraints. Modal change cost data and exact rail rates from
specific origins to destinations could not be acquired due to it being impossible to obtain modal
change cost data from individual companies and because the information for both are considered
proprietary. As a result, the assumption that modal change costs were the same across all
companies was made. If individual cost data from multiple modal companies is obtained, the
analysis may be improved. The inability to obtain rail-specific cost data of different origins and
destinations resulted in the exclusion of an alternative route. Rather than barge transportation
being eliminated from all production regions, it may only be eliminated from region 5 while
production from regions 1 and 3 would still be able to be shipped via barge to an inland port such
as St. Louis, MO or Cairo, IL. From there soybeans may be shipped via rail to the Mississippi
Gulf. This alternative seems more practical and may have resulted in a different outcome.
Due to time constraints, other research concerns could not be addressed. A concern that
could not be estimated was how much the increases in soybean rail shipments would need to be
before rail costs increased. Additionally, the model could not be ran using the limited capacities
of railcars and trucks available as well as daily shipments constraints of intermodal facilities.
Moreover, this study is from an economic perspective and does not take into account
environmental issues associated with the potential consequences of an avulsion on soybean trade.
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The results obtained in this thesis covers only a fraction of the overall problem
considered and additional research will need to be conducted. Future research considerations
include analyzing transportation cost increases for soybeans and other agricultural and nonagricultural commodities in the long-run as well as identifying additional alternatives and
investment costs that would result in a least-cost option. Those alternatives include hydrologic
modifications to allow adequate depths to service the ports of New Orleans and Baton Rouge,
establishing new infrastructure that will allow barge travel along the Mississippi River’s new
route to the Gulf, or building additional infrastructure that will service bulk shipments at other
port of export locations.
Another topic that should also be considered is how much transportation cost increases of
all commodities exported through the New Gulf port region via rail will affect U.S.
competitiveness in the world market. Research focused on these issues will give more insight to
the overall problem and take a more in-depth look at economic losses an avulsion at Old River
could have to the United States as a whole.
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Appendix A. ORCS Failure Cost Estimates
The following tables represent the updated cost estimates of the general consequences of an ORCS
failure. Costs were estimated using 1977 prices estimated by Kazmann, Johnson, and Harris (1980), the
Civil Works Cost of Construction Index (CWCCI), and the Consumer Price Series Using Current
Methods Index.
Table A.1. Transportation loss estimates following a Mississippi River avulsion

Transportation

Millions of Dollars
(1977 Prices)
High
Low

Millions of Dollars
(2018 Prices)
High
Low

Damages to Bridges, Approaches &
Roadways

74

44

299

179

Additional Operating Costs (one year)

573

75

2,118

277

Value of Time Loss (one year)

420

56

1,552

207

Additional Operating Costs of Railroads

38

38

140

140

1,105

213

4,110

804

Transportation Totals

Note: High estimates represent the cost of Interstate 10, U.S. Highway 190, LA State Highway 1, and
U.S. Highway 90 closures for one year. Low estimates represent the costs of Interstate 10 and U.S.
Highway 90 closures for one year.

Table A.2. Flood damage loss estimates following a Mississippi River avulsion
Millions of Dollars
(1977 Prices)
Flood Damage

Millions of Dollars
(2018 Prices)

High

Low

High

Low

Private Property Losses Within the
Basin

380

228

1,404

843

Private Property Losses Outside Basin

34

34

126

126

Public Sector Losses

271

271

1,104

1,104

Flood Damage Totals

685

533

2,634

2,072

Note: High estimates represent total assessed value of all private property loss. Low estimates represent
total assessed value of 60 percent of private property loss.
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Table A.3. Estimated pipeline failure loss and water replacement costs following a Mississippi River
avulsion

Pipeline Failure
Replacement of
Pipelines
Reduction in State
Incomes
Pipeline Failure Totals

Replacement of Municipal
and Industrial Water Totals

Millions of Dollars
(1977 Prices)
High
Low

Millions of Dollars
(2018 Prices)
High
Low

14

4

57

16

1,505

208

5,562

769

1,519

212

5,619

785

730

600

3,145

2,585

Note: High pipeline failure estimates represent costs to replace seven pipelines of a 180-day span. Low
pipeline failure estimates represent the costs to replace two pipelines over 180-day span. High water
replacement estimates represent the cost replacing freshwater supply of Bayou Lafourche. Low water
replacement estimates present to costs of replacing water supply of Bayou Lafourche where water
becomes brackish.

Table A.4. Updated quantitative loss estimate totals following a Mississippi River avulsion
Millions of Dollars
(1977 Prices)
High
Low

Millions of Dollars
(2018 Prices)
High
Low

Transportation

1,105

213

4,110

804

Flood Damage

685

533

2,634

2,072

Pipeline Failure

1,519

212

5,619

785

730

600

3,145

2,585

4,039

1,558

15,508

6,246

Replacement of Municipal and Industrial Water
Total Qualitative Economic Losses

Note: Cost estimates represent the combined high and low costs of all loss estimate scenarios.
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Appendix B. U.S. Transportation Network

!

Intermodal freight facilities
Omtermodal freight facilities
USA railroads

Interstate
Primary road and state highways
Mississippi River System

Figure B.1. U.S. transportation network and intermodal facility locations
Source: USDA National Agricultural Statistics Service and Bureau of Transportation Statistics Service
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Appendix C. New Orleans Gulf Port Region Soybean Exports
60
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Figure C.1. New Orleans Gulf port regions soybean exports from 2008 to 2017 in millions of metric tons.
Source: USDA GATS
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Figure C.2. New Orleans Gulf port regions soybean exports from 2008 to 2017 in millions of dollars.
Source: USDA GATS
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Appendix D. Supplementary Tables
Table D.1. Average Transportation Costs to China and Japan Combined
After Avulsion
$/MT
81.88

% Change
$/MT
41.18%

66.90

-

-

-

83.02

-

79.97

79.97

0.00%

Production Region 3 to N.O. Gulf Port
Region

61.86

78.66

27.16%

Production Region 4 to N.O. Gulf Port
Region

-

91.11

-

Production Region 4 to PNW Port
Region

80.19

80.29

0.12%

Production Region 5 to N.O. Gulf Port
Region

50.12

88.07

75.74%

Route
Production Region 1 to N.O. Gulf Port
Region
Production Region 2 to N.O. Gulf Port
Region
Production Region 2 to Great Lakes Port
Region
Production Region 2 to PNW Port
Region

Before Avulsion
$/MT
57.99

Note: Hyphens in the before and after avulsion columns indicate that soybeans were not shipped using
that route. As a result, the percentage change for those routes could not be calculated.
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Table D.2. Japan CIF Price Comparison
Before Avulsion
Route
Region 1 to
N. O. Gulf
Port Region
Region 2 to
N. O. Gulf
Port Region
Region 2 to
Great Lakes
Port Region
Region 2 to
PNW Port
Region
Region 3 to
N. O. Gulf
Port Region
Region 4 to
N. O. Gulf
Port Region
Region 4 to
PNW Port
Region
Region 5 to
N. O. Gulf
Port Region

2017 FOB Total
Price at
Transportation
Intermodal Cost per $/MT
Facility27
353.11
58.47

After Avulsion

CIF
Price
per
$/MT
411.58

CIF
Price
per
$/BU
11.20

Total
Transportation
Cost per $/MT
82.361

CIF
Price
per
$/MT
435.47

CIF
Price
per
$/BU
11.98

% Change

5.80%

333.72

67.38

401.10

10.92

67.38*

-

-

-

333.72

86.622*

-

-

86.622

420.34

11.57

-

333.72

80.31

414.03

11.27

80.314

414.03

11.39

0.00%

344.10

62.34

406.4

11.06

79.139

423.24

11.65

4.13%

334.00

91.594*

-

-

91.594

425.59

11.71

-

334.00

80.63

414.63

11.28

80.634

414.63

11.41

0.00%

357.42

50.60

411.58

11.10

88.554

445.97

12.27

9.30%

Note: Prices with asterisks represent the transportation costs of that route although product may not have
shipped in the previous or current scenario.

27

Prices were extracted from USDA NASS QuickStats.
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